


PUBLIC LIBRARY 








INSTITUTHON 


OF 


PRODUCTION ENGINEERS 


JOURNAL 
(March, 1947, Vol. XXVI, No. 3.) 





Contents: 


‘PRODUCTION EFFICIENCY” 
by J. HENDERSON, A.M.I.Mech.E., A.M.I.P.E. 


‘‘PLAIN SLEEVE BEARING, MATERIALS 
AND DESIGN” 
by W. H. TAIT, M.I.Mech.E., F.1.M. 


PUBLISHED BY THE INSTITUTION All rights reserved 
36, PORTMAN SQUARE, LONDON, W.1 PRICE 5/- 





Journal of the Institution of Production Engineers 








The smaller space required by 
UNBRAKO High Tensile screws opens 
up great opportunities for the designer 
to save weight and overall costs. The 
dotted line shown on the illustration 
represents the heavier casting of 
forging required to accommodate 
an ordinary screw 
All UNBRAKO Cap and Shoulder screws are made 


with knurled heads for ease of assembly—a 
exclusive feature 


Ape eehssiirire 


Illustrations. how the five standard types of 
UNBRAKO screws, manufactured by the leading 
socket screw specialists 


ee 
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Manufactured by the 


UNBRAKO SOCKET SCREW Co Ltd 
Burnaby Road, Coventry 


Distributors 
Illustrated technical 
catalogue available CHARLES CHURCHILL & Co Ltd 
on requas South Yardley, Birmingham 25 
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_ INSTANTLY 
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ihe 1” 


ills 








As used by the 
Admiralty, N.P.L., 
Royal Ordnance 
and in Rolls Royce 


Factories, etc. 














g Spacers. Machine 
divided to halt-a-thou. Infinite micrometer adjustment 
over whole range. Brinell 590. Tensile strength 130 
Tons per sq. in. Sizes for most standard arbours. 
Minimum width } inch. 

Obtainable from all good Engineers Suppliers including 
Buck & Hickman, T. P. Headland, Buck & Ryan, Alfred 
Herbert, etc. Sole Scottish Agents: Melvin Bros. 
72—78 Causewayside, Edinburgh, 9. Irish Agents : John 
H. Place, 51 Wellington St., Ballymena, Northern Ireland 


EUCO jicton™ 


MILLING SPACER 


EUCO TOOLS LTD., 30 Udney Park Rd., Teddington, Middlesex 
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CAPSTAN « TURRET LATHES 














SPECIFICATION 
Height of centres . 12 in. No. of spindle speeds 
Swing over bed covers 23 in. forward & reverse . 16 
Dia. of hole through Range of spindle speeds 
spindie. . . Sin. 16 to 580 r.p.m. 


Further details on request. 
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M% Grinds any desired profile or contour—flat 
or cylindrical—direct from the drawing, 
with microscopic accuracy. 


Flat or circular form tools, punches and die segments, profile gauges, special cams, 
templates, and any other desired regular or irregular shape, in hardened steels or 
tungsten carbide, can be ground to a high degree of accuracy on the Wickman 
Optical Profile Grinder. 


Employing pencil and paper layouts 50 times the 
size of the profile to be ground,*the form is followed 
point by point along the line of the layout, the 
intersecting point of graticule lines in the microscope 
carried on the 50 : | pantograph, corresponding to 
the position of the pointer on the layout. 


The machipe will grind a form 53” in length and 2}° 
“in depth i 5 thick. The tool or workpiece, 
however, map be unlimited in length and up to 6}" 
wide. Catalogue on request. 


LONDON + BRISTOL - BIRMINGHAM - MANCHESTER - LEEDS - 
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ADAPTABLE 
TOA 
WIDE RANGE OF 
WORK 


Profile Gauges, Templates, 
etc. The 2° stroke of the 
wheel permits a number of thin 
pieces to be ganged together. 


Punches and Die Segments. 
Produced complete in a fraction 
of the usual production time 
and with extreme accuracy. 


Fiat Form Tools in any hard 
material including tungsten 
carbide. 


Circular Form Tools. A 
separate motor-driven attach- 
ment ts available for grinding 
cylindrical work, 


GLASGOW + NEWCASTLE 
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REASONS WHY! 


It’s a fast driver, easy to hold, ensuring tight 





rivets every time — that’s why the operator 
likes it. Air consumption is low and replace- 
ments few and far between—that’s what 
appeals to the management. In short, though 
we can’t do full justice to the technical 
details here, the new CLIMAX Riveting 
Hammer is right up-to-date for output and 
durability. Why not write now fe full 


illustrated details ? 


CLIMAX 


CLIMAX ROCK DRILL & ENGINEERING WORKS LTD. 


’ 4, Broad St. Place, London, E.C.2. 
Works: Carn Brea, Cornwall. 
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No. OV VERTICAL 
MILLING MACHINE 


Ilin. x Sin. X 14in. 


For light milling and die-sinking 


Ball-bearing spindle; start, stop 
and reverse by lever-operated 
switch. 


Spindle head swivels up to 45° 
each way. 


Forming device for die-sinking 


Reversible automatic feed to table 


EARLY DELIVERY 


CATALOGUE ON REQUEST 





ALFRED HERBERT LTD. COVENTRY 
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FUME EXTRACTION 


and 


FRESH AIR SUPPLY 


% Gat URETR BE GRREaR AE 
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Richard Crittall services include 


Heating, Ventilation, Air Conditioning 
Electrical Installations 

Steam Services 

Canteen Installations 

Dust Exhaustion 

Drying and Stoving Plant 

Radiant Heat Process Applications 
Automatic Flow and Temperature Control 
Compressed Air, Vacuum and Gas Services 


CRITTALL Conveyance of Viscous Fluids, Ete., Etc. 


Specialised Process Equipment, Etc., Etc. 
RICHARD CRITTALL & COMPANY LIMITED 


London ; 156 Great Portland Street, W.1. Phone: Museum 3366 

Birmingham: Prudential Buildings, St. Philip’s Place. Central 2478 : : 

Liverpool; | Martin’s Bank Building, Water Street. Central 5832 anys 

Potteries: Jubilee Chambers, Stafford Street, Hanley. By a omy Engineers 
Stoke-on-Trent 29385 to H.M. King Cone 
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OUT OF THE SPRAY GUN 
comes the paint that has to protect your 
product, and thereby its reputation. Its 
appearance and wearing qualities are, 
therefore, matters for the most serious 
consideration. 

In practice, durability can be proved only 
by actual exposure tests, and the Paints 
Division of Imperial Chemical Industries 
make and record many thousands of 
these tests every year. That is one of the 
reasons why you can always rely on the 
durability of |.C.!. paints. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED 
PAINTS DIVISION /AC]\ SLOUGH, BUCKS 


(successors to Nobel Chemical Finishes Ltd.) <p tng Telephone: Slough 23858 
D.1.745 
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WEW 233 


PATENTED 


BENCH THREAD 
GRINDER 





This new ‘MATRIX’ Type 
No. 33 Bench Thread Grinder 
fills a long felt want for small 
precision Screw & Instrument 
Manufacturers, since it offers 
the following exceptional 
advantages :— 
© Produces threads of perfect form 
down to 20 B.A 
© Incorporates the famous and highly 
efficients ‘MATRIX’ Multi-Ribbed 
wheel principle of Thread Grinding. 
© The wheel can be dressed by either 
a Crusher or the ‘MATRIX’ Diamond 
Dresser. 
© Pass-Over or Plunge Cut grinding 
methods. 
¢ Accommodates work up to 4" 
between centres with amaximum 


diameter of 4" 
© Extreme Simplicity of Control—ideal 
for female labour. 
* Can be used either on Bench or on Write for 
Special Base (as illustrated };'taking 
MINIMUM FLOOR ‘SPACE. FURTHER PARTICULARS 





COVENTRY GAUGE &é TOOL C°L" 


ETCHAMSTEAD COVENTRY ENGLAND 
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March Meetings. 

a 3rd Yorkshire Section. The Annual General Meeting will be 
held at the Hotel Metropole, Leeds, at 6-30 p.m., followed 

vie, by the Presidential Address, ‘‘The Early Days of Aviation,’’ 


by R. Blackburn, O.B.E., F.R.Ae.S., M.I.P.E., M.I.Mech.E., 
eld. A.M.I1.C.E. 


3rd Coventry Graduate Section. A lecture will be given on ‘‘The 
Production of Radar Equipment,’’ at the Coventry Technical 
F College, Coventry, at 7-15 p.m. 


td., : - ‘ ‘ 
; 6th Nottingham Section. A lecture will be given by Dr. S. Buchan 
on ‘‘Elastomeric Engineering,’’ at the Victoria Station 
ton Hotel, Nottingham, at 7-00 p.m. 
gine 7th Western Section. The Annual Section Meeting will be held at 
P the Grand Hotel, Broad Street, Bristol, 1, at 6-45 p.m. 
rest, 
8th Yorkshire Graduate Section. The visit arranged to Messrs. 
rks, Brook Motors, Ltd., Huddersfield, at 2-30 p.m. has been 
cancelled. 
Dury llth North-Eastern Graduate Section. A lecture will be given by 
ton. G. W. Robinson, Esq., Grad.I.Mech.E., Grad.I.P.E., on 
td., ‘‘Turbine Blade Production,’’ at the Neville Hall Mining 
Institution, Newcastle-on-Tyne, at 6-30 p.m. 
llth Birmingham Graduate Section. The Annual General Meeting 
is. will be held at the James Watt Memorial Institute, Great 
ey, Charles Street, Birmingham, at 7-15 p.m., followed by a 


lecture on ‘‘Production Heat Treatment Equipment,’’ by 
A. E. Pickles, Esq. 


12th Luton and District Section. A lecture will be given by 
. W. Whitworth Taylor, Esq., on ‘‘Researches in High Speed 
Carbide Milling,’’ at the Central Library, Luton, at 7-00 p.m. 





12th Wolverhampton Section. The Annual General Meeting will 

be held at the Wolverhampton and Staffordshire Technical 

College, Wolverhampton, at 7-00 p.m., followed by a lecture 

-on ‘‘ Cutting Lubricants and Coolants,’’ by H. H. Beeny, 
M.Met.,*F.1.M. 
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March Meetings—Cont. 


17th 


17th 


18th 


19th 


19th 


19th 


19th 


20th 


20th 


20th 


2Ist 


North-Eastern Section. A lecture will be given by Dr. 
W. Wilson on ‘‘Electronics in Industry,’’ at the Neville Hall 
Mining Institution, Newcastle-on-Tyne, at 6-30 p.m. 


Halifax Section. A lecture will be given by V. McWilliam 
Chandon, Int.A.M.I.P.E., on ‘‘Bright Electroplating and 
Electropolishing,’’ at the White Swan Hotel, Halifax, at 
7-00!p.m. 

Wolverhampton Graduate Section. A lecture will be given 
by Dr. Yarsley on ‘‘Plastics’’ at the Wolverhampton 
Technical College, at 7-00 p.m. 


Lincoln Sub-Section. A Joint Meeting with the Gainsborough 
Engineering Society has been arranged, at which a lecture 
on ‘‘Ball and Roller Bearings’’ will be given, at the County 
Technical College, Gainsborough. 


Preston Section. A lecture will be given by H. Eckersley, 
M.I.P.E., on ‘‘Recent Developments in Metal Cutting 
Technique,’” at the Harris Institute, Avenham, Preston, at 
7-15 p.m. 

Birmingham Section. A lecture will be given by Messrs. 
W. Ogilvie, M.I.P.E., and S. Ackrill, A.M.I.P.E., on ‘*Multi- 
Spindle Automatic Machines,’’ at the James Watt Memorial 
Institute, Great Charles Street, Birmingham, at 7.00 p.m. 


Sheffield Section. A lecture will be given by J. T. Lewis, Esq., 
on ‘‘Hydraulic Presses for the Hot Working of Metals’’ at 
the Royal Victoria Hotel, Sheffield, at 6-30 p.m. 


Leicester and District Section. A lecture will be given by 
L. W. Johnson, Esq., on ‘‘Metallurgical Factors Influencing 
Machinability,’’ at the Leicester College of Technology, 
Leicester, at 7-00 p.m. . 


Glasgow Section. A lecture will be given by W. H. Tait, Esq., 
on ‘‘Plain Bearing Design and Application,’’ at the Institu- 
tion of Engineers and Shipbuilders in Scotland, 39, Elmbank 
Crescent, Glasgow, C.2, at 7-30 p.m. 


Manchester Section. A lecture will be given by T. C. Parker, 
Esq., on *‘Cold Heading and Thread Rolling’’ (with film) 
at Liverpool University, Brownlow Hill, Liverpool, at 
7-15 p.m. 


Manchester Section. A lecture will be given by T. C. Parker, 
Esq., on ‘‘Cold Heading and Thread Rolling’: (with film), 
at the Mechanics’ Institute, Crewe, at 7-15 p.m. 
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March Meetings—Cont. 
21st Western Section. A lecture will be given by Lieut. (E) R. T. M. 


24th 


24th 


26th 


26th 


27th 


28th 


29th 


29th 


Toyn, R.N.V.R., M.I.P.E., A.M.I.Mech.E., M.I.B.F., on 
‘‘Apprentice Training’’ (illustrated by slides), at the Grand 
Hotel, Broad Street, Bristol, 1, at 6-45 p.m. 


Wolverhampton Graduate Section. A Works Visit to 
Universal Grinding Wheel Co., Ltd., has been arranged, 
starting at 10-00 a.m. At 2-00 p.m. the Annual General 
Meeting will be held at the Stafford Technical College, followed 
by a film ‘‘Wheels Behind Wheels’’. 


Derby Sub-Section. There will be a meeting in the Art School, 
Green Lane, Derby, at 6-45 p.m., when a sound film, ‘‘Wheels 
Behind Wheels’’, will be shown. 


Birmingham Graduate Section. There will be an afternoon 
visit to Highley Colliery underground workings, and an 
evening visit to the Dunlop Rubber Co., Ltd. 


Manchester Section. A lecture will be given by F. J. Everest, 
M.Sc., A.M.I.Mech.E., A.M.I.E.E., on ‘‘Developments in 
Gear Cutting and Finishing Processes,’’ at the College of 
Technology, Manchester, at 7-15 p.m. 


London Section. A lecture will be given by W. A. Hawkins, 
Esq., on ‘‘Precision Thread Rolling,’’ at the Institution of 
Mechanical Engineers, Storey’s Gate, St. James’s Park, 
S.W.1, at 6-30 p.m. 


Eastern Counties Section. The Annual General Meeting will 
be held in the Lecture Hall, Electric House, Ipswich, at 
6-30 p.m. in place of short papers on a Production Engineering 
subject, as previously announced. 


Yorkshire Graduate Section. A lecture will be given by Dr. 
E. C. Walton on ‘‘The Application of Electricity for Produc- 
tion,’’ at the Great Northern Hotel, Leeds, at 2-30 p.m. 


Birmingham Graduate Section. The Annual Dinner Dance 


will be held at the Botanical Gardens, Edgbaston, Birming- 
ham. . 


April Meetings 


3rd 


7th 


Nottingham Section. A lecture will be given by H. J. Gibbons, 
M.I.P.E., on ‘‘History of the Large Internal Combustion 
Engine,’’ at the Victoria Station Hotel, Nottingham, at 
7-00 p.m. 

Yorkshire Section. A lecture will be given by R. E. Wilson, 
M.LA.E., on ‘‘Hard Chromium Plating,’’ at the Hotel 
Metropole, Leeds, at 7-00 p.m. 
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9th 


9th 


10th 


16th 


16th 


16th 


17th 


17th 


19th 


19th 


2\st 


2\st 


April Meetings—Cont. 


Luton and District Section. A lecture will be given by 
W. Neville, Esq., on ‘*Shot Peening,”’ at the Central Library, 
Luton, at 7-00 p.m. 


Manchester Section. A visit has been arranged to the Dunlop 
Rubber Co., Speke, Liverpool. 


Wolverhampton Section. A lecture will be given by F. J. 
Everest, M.Sc., A.M.I.Mech.E., A.M.ILE.E., on ‘‘Gear 
Manufacture and Inspection,”’ at the Station Hotel, Dudley, 
at 7-00 p.m. 


Manchester Section. A lecture will be given by E. Percy 
Edwards, M.I.P.E., on ‘‘Broaching—Machines, Tools and 
Practice,’’ at the College of Technology, Manchester, at 
7-15 p.m. 

Sheffield Section. A lecture will be given by Mr. Tupholme, 
on ‘‘Stainless Steels,’’ at the Royal Victoria Hotel, Sheffield, 
at 6-30 p.m. 


Birmingham Section. The Annual General Meeting will be 
held at the James Watt Memorial Institute, Great Charles 
Street, Birmingham, at 7-00 p.m. There will also be a lecture on 
**Developments in Gear Cutting and Finishing Processes” 
by F. J. Everest, M.Sc., A.M.I.Mech.E., A.M.I.E.E. 


Glasgow Section. The Annual General Meeting will be held 
in the Institution of Engineers and Shipbuilders in Scotland, 
39, Elmbank Crescent, Glasgow, C.2, at 7-30 p.m. 


Leicester and District Section. The Annual General Meeting 
will be held at the Leicester College of Technology, Leicester, 
at 6-30 p.m., to be followed by sound and colour films. 


Western Section. A Works Visit to the Aircraft and Engine 
Works of the Bristol Aeroplane Co., Ltd., Filton, Bristol, 
has been arranged. 


Yorkshire Graduate Section. A visit has been arranged to 
Messrs. Jowett Cars, Ltd., Idle, at 2-30 p.m. 


Halifax Section. A Joint Meeting with the Graduate Section 
has been arranged to take place at the White Swan Hotel, 
Halifax, at 7-00 p.m., when J. Ward, Ph.D., B.Sc., M.I.Mech. 
E., M.I.Mar.E., will lecture on ‘‘Engineering Applications of 


_ Polarised Light.’’ 


Derby Sub-Section. A lecture will be given by a representative 
of the Ministry of Labour and National Service on ‘*‘ Training 
Within Industry for Supervisors,’’ at the Art School, Green 
Lane, Derby, at 6-45 p.m. 
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April Meetings—Cont. 


24th London Section. A lecture will be given by Mr. Griffin on 
**Managerial Problems,’’ at the Institution of Mechanical 
Engineers, Storey’s Gate, St. James’s Park, S.W.1, at 
6-30 p.m. 


25th Anniversary Celebration 


The Institution is celebrating its 25th Anniversary by holding a 
Jubilee Dinner. This will take place at the Connaught Rooms, 
Great Queen Street, London, W.C.2., on March 11th, 1947, at 
7 p.m. for 7.30 p.m. 

A number of prominent personalities have accepted the Institu- 
tion’s invitation to be present, and it is anticipated that the function 
will prove an outstanding success. 


Meeting of Council 


The next Meeting of Council will take place on Friday, 25th April, 
1947, in the Wolverhampton area. 


National Productive Efficiency Conference 


An all-day Conference on National Productive Efficiency has 
been arranged by Wolverhampton Section, and will be held on 
Saturday, March 8th, 1947, at the Wolverhampton and Staffordshire 
Technical College, by kind permission of the Governors. 

The Conference will be opened at 10.0 a.m. by His Worship the 
Mayor of Wolverhampton, followed by an opening speech by Sir 
Norman V. Kipping, J.P., M.I.E.E., M.I.P.E., Director-General, 
Federation of British Industries. 

An Address will be given by Sir Godfrey H. Ince, K.B.E., C.B., 
nae ng Secretary, Ministry of Labour, on “‘Britain’s Man-Power 
Budget.”’ 

The speakers will be in three groups—Man-Power, Management, 
and Plant, as follows: 


Man-Power: Morning—‘Training for Efficient Production,”’ 
; by J. W. Berry, M.I.P.E. 

Afternoon—“‘ Utilisation of Man-Power,’’ by 
H. Briggs, B.A., B.Com. 

Management: Morning—“The Approach to Management,”’ 
by W. Puckey, M.I.P.E. 

Afternoon—‘‘Management—Another View,” by 

Lewis C. Ord. 5 

Plant: Morning—*“ Economics of Plant,’’ by E. W. 

Hancock, M.B.E., M.I.P.E. 


Afternoon—‘‘ Utilisation of Plant,’’ by J. E. 
MacLaren. 
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After the Morning Session, Luncheon will be served in the Civic 
Hall Restaurant, the Principal Guests being Sir Godfrey H. Ince, 
the Right Hon. Lord Sempill, A.F.C., F.R.Ae.S., M.LP.E.; Sir 
Norman V. Kipping; Dr. H. Schofield, C.B.E., B.Sc., M.I.Mech.E., 
M.I.P.E., Principal of Loughborough College and Chairman of 
Council ; Mr. Norman Rowbotham, C.B.E., President of the 
Institution ; and Major C. B. Thorne, M.C., Director and General 
Secretary of the Institution. 

There will be a General Summing Up by Dr. Schofield, and the 
Conference will close with a Buffet Tea. 


American Society of Tool Engineers 


The Director and General Secretary had the pleasure of entertain- 
ing Mr. R. B. Douglas, National Secretary of the American Society 
of Tool Engineers, during a fleeting visit to England, en route for 
Germany. 

This visit afforded a valuable opportunity for discussing the 
furtherance of the projects suggested by Mr. E. W. Hancock, M.B.E., 
M.I.P.E., on his return from the first post-war Convention of the 
American Society of Tool Engineers, in Cleveland, Ohio, U.S.A. 


Symposium on Powder Metallurgy 


The Iron and Steel Institute has arranged to hold a Symposium 
on Powder Metallurgy, on the afternoon of Wednesday, 18th June, 
and the morning and afternoon of Thursday, 19th June, 1947. The 
Council of this Institute would be very pleased to welcome any 
member of the Institution of Production Engineers who cares to 
attend and take part. 

Arrangements are being made for a number of papers covering 
various aspects to be discussed, and these will be printed and 
available before the meeting. 

Further details will be published as received. 


British Institute of Management 


The following Members of the Institution have agreed, at the 
request of the President of the Board of Trade, to serve on the first 
Council of the British Institute of Management :— 

Sir Norman V. Kipping, J.P., M.I.P.E., (Director-General, Federa- 
tion of British Industries); Mr. Mark H. Taylor, M.I.P.E. (managing 
director, Messrs. Taylor, Taylor & Hobson, Ltd.); Mr. T. G. 
Rose, M.I.P.E. (Industrial Consultant) ; and Mr. Robert Appleby, 
A.M.1.P.E.(Works Manager, Messrs. Ascot Gas Water Heaters,Ltd.) 


Appointment of Education Officer 


The Institution of Production Engineers has decided to appoint 
a full-time Education Officer, as from Ist July, 1947. 
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He will be required to implement its Technical Education Policy, 
and to maintain contact with Universities, the Principals of Technical 
Colleges and Industrial undertakings ; he will also be responsible for 
liaison with Government Departments and professional bodies. 

The appointment will, in the first instance be for a period of one 
year, during which an Honorarium of £500 will be allowed, plus 
travelling and other expenses. 

Applications should be made to: The Director and General 
Secretary, The Institution of Production Engineers, 10 Seymour 
Street, London, W.1. 


Personal 


Mr. H. E. Slawson, M.B.E., M.I.P.E., has now resigned from 
Messrs. Buck & Hickman Ltd., as Brown and Sharpe specialist. He is 
continuing as Managing Director of the Melbourne Engineering 
Co. (Melbourne), Ltd., Derby. 

Mr. R. G. Boland, A.M.I.P.E., has now taken up his duties as 
Manager of Messrs. Richard Thomas & Baldwins, Ltd., Swansea. 


Mr. W. V. Hodgson, M.I.P.E., Member of Council, who has 
resigned his directorships with B.S.A. Tools, Ltd., and Burton 
Griffiths Co., Ltd., has been appointed London Area Manager with 
Messrs. A. C. Wickman, Ltd., of Coventry, as from February Ist, 
1947. 


The Lord Austin Essay Prize, 1946 


The Lord Austin Prize for 1946 has been awarded to Mr. R. W. 
Deutsher, Grad.I.P.E., of Brighton, Victoria, Australia. 

A special letter of commendation has been sent to the runner-up, 
Mr. B. N. Cooper, whose essay received special mention fromthe 
assessors. 


Obituary 


We deeply regret to announce the deaths of Mr. W. H. Pullen, 
A.M.I.P.E., and Mr. E. Smith, M.I.P.E., both of London Section. 


Issue of Journal to New Members 


Owing to the fact that output has to be adjusted to meet require- 
ments, and in order to avoid carrying heavy stocks, it has been 
decided that the Journal will only be issued to new Members from 
the date they join the Institution. 


Important 
In order that the Journal may be despatched on time, it is essential 
that copy should reach the Head Office of the Institution not later 


than ~g days prior to the date of issue, which is the first of each 
month. 
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APPLICATIONS FOR MEMBERSHIP AND TRANSFER 
RATIFIED AT MEETING OF COUNCIL 
January 24th, 1947 


(a) Election of Members by Council. The following applications for Membership 
were considered and dealt with by Council :— 


As Members: C. Game, H. Hilton, A. W. Page, W. G. Parsons, M. Provand, 
F. H. Rolt, W. M. De Vries, W. J. Walker, J. M. Wilson. 


As Associate Members: J. D. Abbott, J. D. Adie, G. W. Ashton, G. W. Baker, 
E. Barwell, G. E. Bausor, J. A. Beanland, S. B. Bhattacharya, B. B. 
Bhirangi, W. L. G. Box, T. H. Brittain, E. H. Y. Burden, R. O. L. Cadman, 
D. C. Collins, R. A. Copeland, E. Cowin, R. F. Daffey, J. O. Garvie, 
R. W. Gilliand, G. E. Goodall, C. P. Hardy, J. Hardy, J. P. Jones, F. 
Knowles, J. R. Leighton, G. A. Mason, C. M. Mitchell, K. J. Patterson, 
G. W. Rhodes, J. G. Robinson, J. T. Rogers, R. C. Smith, H. Speed, 
G. N. Spencer, G. Storer, W. Stringer Jones, S. Taylor, H. G. Thomas, 
P. J. Thyst, N. B. Tranchitella, E. T. Wakefield, F. B. West, J. Woodhams. 


As Associates: D. G. Brown, J. W. Dobinson, R. Hutcheson, E. S. Pearse, 
W. Stalker, D. G. Tompkins. 


As Intermediate Associate Members: T. H. Allen, J. C. Allport, R. F. S. 
Andrews, E. R. Bean, G. E. Blake, A. Bourne, C. H. Brompton, D. C. 
Brown, W. Brown, D. D. Bruce, W. J. Cakebread, P. Chambers, F. B. 
Drew, D. S. Druce, C. Ensor, P. H. W. Everitt, E. E. Freestone, P. Gavin, 
E. T. Graham, J. Hampton, W. H. Hedger, F. H. E. Herbert, J. Hibbert, 
G. Hicks, J. J. Howard, H. Hull, L. Jones, L. W. J. Lait, J. N. 
Leiper, H. Low, E. G. McLeod, R. A. McLeod, D. J. Maher, W. N. 
Martin, R. J. P. Masters, G. T. Meager, E. G. Mitchell, G. Murray, 
W. C. Murray, P. O’Neill, G. R. Parry, M. F. Peterson, G. H. Pull, G. W. 
Reeves, D. Seaton, A. T. Stone, A. D. Spragg, W. B. Syer, R. G. Tench, 
A. R. Thurman, R. C. Thurman, W. J. H. Tilbury, S. M. Wallace, F. E. 
Wardle, G. H. Whiteley, S. Williamson, R. Wright. 


As Graduates: A. E. Adcock, P. R. Ahuja, T. E. Allen, F. Allsop, J. H. Bailey, 
L. H. Bowles, J. A. Bush, E. F. Coleman, A. M. Craig, R. W. Deutsher, 
E. Drury, T. Dyson, G. Fantl, A. J. Fellingham, K. E. J. Fitz, S. H. Fry, 
E. S. Gibbons, M. I. Gray, J. E. Greenwood, K. A. Hale, J. B. Harper, 
N. J. Harris, W. E. Herring, M. F. Hockman, C. Hotchkiss, W. J. Hughes, 
T. C. Hugill, 1. P. Hunter, N. Ingham, S. A. Jelley, G. C. Jones, J. A. Leek, 
J. A. Messenger, W. F. Millar, R. A. Miller, J. Mills, S. Murphy, J. Palmer, 
W. B. Pamment, D. R. Parker, R. Parsons, K. Petrie, A. Rainbird, W. T. 
Ramsden, G. A. Ratcliffe, W. A. Reeves, J. E. Richards, D. H. Seymour, 
W. J. Sheppard, K. A. Smart, A. N. Smith, G. H. Spratt, J. Speak, D. E. 
Thacker, J. R. Thompson, M. J. Vivian, J. R. Whitby, D. Whiteley, 
L. H. B. Williamson. 


As Students: J.C. Ashworth, F. D. Clavell Bate, R. L. Clavell Bate, G. A. 
Biddulph, S. G. Booth, W. G. Bowman, L. W. Butler, K. S. Chance, 
J. H. Chant, D. T. Clark, A. Dancer, G. E. Daniels, E. J. Dodd, R. A. 
Draves, J. J. Dyer, J. H. Edlund, W. Edwards, A. J. Ellis, R. C. Farr, 
K. W. Fish, A. L. R. Fletcher, R. W. Fort, K. Gale, R. K. Gelletly, 
A. Gill, F. A. S. Gilmore, J. C. Goldthorpe, D. G. Goscomb, J. H. Graham, 
G. F. Grant, H. Handley, A. D. Higgs, D. G. Hitchcock, D. Isbel, A. G. 
Jones, W. H. A. Lambert, T. R. Little, L. J. McLean, D. G. McWilliams, 
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F. H. Moore (Graduate when 21 years), A. Northcote, J. B. O’Connor, 
G. Pateman, C. Plews, D. Pridgeon, C. F. Randall, J. P. Rochford, E. T. 
Rudge, G. V. Rutter, E. Sale, M. J. Sargeaunt, R. J. Simms, G. Soencer, 
E. K. Stephenson, A. J. Storey, J. Struthers, T. Tanner, G. M. Tudor, 
S. Tyes, F. Varo, R. T. Vickers, J. F. Walsh, M. P. Weston, J. T. Wilson, 
R. E. Wilson. 


New Affiliated Firms : Representatives : 

Hercules Machine Tool Corporation, Shanghai K. S. Huang. 
Zau Sin Zur. 

The Llanelly Steel Co. (1907) Ltd. non .-» T. A. Hogarth. 
J. M. Jones 

Percival Aircraft Ltd. ... an sie .-- E.S. Pearce. 
W. Elson. 

Affiliated Firms : Change of Affiliate Representatives : 
Chilton Aircraft Co. Ltd. ae wee .. A.R. Ward. 
Ruston-Bucyrus Ltd. sik nee oe ... F.J. Delany. 

Vauxhall Motors Ltd. ... wee a .-. F. V. Barker. 

J. F. C. Norwood. 
Weir Precision Engineering Ltd. + ... E. J. Rayment. 

R. Langford. 

Affiliated Firms : Additional Affiliate Representatives : 

Benton & Stone Ltd. oe --. C.E. Milner. 
Craven Bros. (Manchester) Ltd. on ... J. Lauchlan. 
The Hunslat Engine Co. Ltd. ... ai ..- A. Burns. 

TRANSFERS 


From Associate Member to Member: J. Buckley, H. A. Chambers, C. Pullen, 
J. F. Veevers, T. B. Worth. 


From Intermediate to Associate Member: J. I. Eccles, L. J. Guest, F. Ives’ 
L. Maguire, P. E. Phillips, E. Taylor, N. Walker, H. W. White. 


From Graduate to Associate Member: A. M. Griffiths, D. A. Hammett, 
E. S. Miller, A. Poole, J. D. W. Taylor, L. White. 


From Graduate to Intermediate Associate Member: E. J. Coldicott, E. A. Fry, 
G. W. Lane, J. O. N. Lawrence, T. M. Lees, R. J. Upcott. 


From Student to Graduate: M. F. Avery, E. W. Beever, D. H. Black, R. J. 
Broomer, R. N. Cook, B. N. Cooper, T. E. A. Dicken, E. Evans, G. H. 
Giles, F. W. Glover, C. L. Griffiths, W. G. Hearle, D. W. Kendall, 
T. Lewins, G. F. Lloyd, T. M. Mobberley, J. Murgatroyd, A. Ormondroyd, 
T. R. Radcliffe, S. R. Renew, E. G. Routledge, C. H. Scaife, R. A. Sibley, 
F. Veevers, C. Winstanley, D. F. Worthington. 
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PRODUCTION EFFICIENCY 
By J. HENDERSON, A.M.I.Mech.E., A.M.LP.E. 


(Chairman’s Address to the North-Eastern Graduate Section, 
Institution of Production Engineers, 13th September, 1946.) 


In the first place, I would like to thank you very sincerely for the 
honour which you have conferred upon me by electing me as your 
Chairman for the 1946-1947 session. 

In taking over from your past Chairman, Mr. Winters, I feel that 
I have been set a target, as far as ability as a chairman, ability as a 
production engineer, and personality and keenness in the Institu- 
tion’s work are concerned, which it will be most difficult for me to 
equal. 

Further than this, he had the awkward task, speaking meta- 
phorically, of what one might call rearing the plant, whereas I have 
only to keep it growing. 

In his efforts in rearing the plant and bringing it to the fine healthy 
state in which it has been passed into my care, Mr. Winters deserves 
your most hearty thanks and congratulations. “és: 

In taking over the chairmanship of the Graduate Section, I am 
conscious of a rather serious responsibility. On the face of it, 
Chairmanship of a Graduate Section is obviously inferior in stature 
to the Presidency of the Senior Section, but as far as responsibility 
is concerned, the position may conceivably be reversed. 

By this I mean that the Graduate Members are the Production 
Engineers of the future’and in their hands, to a very large extent, will 
lie the prosperity of this country in the years to come. 

No one will deny, I think, that an ever-increasing amount of 
knowledge and technical ability is demanded of a production 
engineer to cope with the latest developments of science in relation 
to machine tool, small tool and cutting-tool design. 

General technical education of a higher standard than ever before 
is essential, but this can only be effective if available in conjunction 
with an extensive practical experience of shop lore. 

As you are all fully aware, the war from which we have just 
emerged has left our country very poor as far as money is concerned. 
Our foreign assets are so sorely depleted that we can no longer rely 
on these for the purchase of our essential requirements in the way 
of imports, and as we must import food even to exist, we must just 
= — export in order to pay for the goods which we acquire from 
abroad. 

We will only be able to sell abroad if we can produce at a 
competitive price and hence the vital necessity for production 
efficiency of the highest order in industry. 


65 











PRODUCTION EFFICIENCY 


The ravages of war have created such a demand for replacements 
that the position at the moment is not so keenly felt, but once the 
demand for goods is more nearly equal to the production capacity 
available internationally, then subject to other things being equal, 
intending purchasers will buy in the cheapest market. 


It is imperative, therefore, that industry as a whole should make 
every effort to take advantage of the initial high demand period to 
explore all the latest developments in machine tool design and 
production engineering technique, with a view to obtaining pro- 
duction efficiency of the highest order and thereafter maintaining it. 


There is one other adverse factor as far as the British engineering 
industry is concerned and that is, that many countries which before 
the war had very little or no engineering plant or experience, have 
now, due to the exigencies of war, developed and built highly 
efficient production units. In many cases these countries were, 
prior to the war, our customers, but it is unlikely or even reasonable 
to expect that they will stop producing engineering materials now 
the war is over ; instead, it is more likely that they will develop, unless 
we can offer goods of such a quality and at such a low price, that 
it is no longer a proposition for them to continue or at any rate 
expand their production facilities already existing. 


If we are to succeed in achieving our objective, the above facts 
must be clearly understood by all, and whilst I do not wish to enter 
the realm of politics in this paper, I feel that it is vital to stress that 
neither politicians nor financiers alone can make us a rich and 
prosperous country again with a standard of living as good as or 
better than we had pre-war ; our salvation, to a large extent, is in 
our own hands each and every one of us, and if we work hard and 
together as a team for a common goal and set aside selfish interests 
and do not allow ourselves to become slaves to traditional ideas, 
then we cannot help but win through the difficult times through 
which we are now passing, and the possibly more difficult ones 
which lie ahead. 


Earlier in the paper I made the comment that we are now a poor 
nation as far as money is concerned ; I feel that it should be stressed 
that we are as rich as ever we were, in fact, richer in our latent 
ability to produce, and it is, in fact, the skill of the people, both with 
their hands and their brains, which is a measure of true wealth, as 
these things cannot be depreciated like money. Furthermore, as this 
country is very poorly endowed with raw materials and we must 
therefore, of necessity, import a large percentage, it should be 
obvious that the higher the ratio of labour cost to material cost in a 
product, the more benefit will we get in this country by selling it 
abroad. In other words, we should sell our skill. 


It is unfortunate that producing cheaply is often interpreted in 
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terms of lower wages, or at any rate reduced piece-work prices ; 
nothing could be further from the truth. 


As you are all aware, gentlemen, the production cost of an article 
is represented by piece work price plus national advance on wages 
plus material cost plus machine charges plus overhead charges. 
I should make it clear that these comments refer to bonus system 
working, which is imperative to efficient operation in most industries 
at any rate. 

Let us assume for example that by proper work-planning, improved 
craneage, better tooling, better gauging facilities, improved tool 
supply, etc., and possibly working harder, machine tool operators 
can be enabled to double their bonus earnings. Then obviously the 
work is produced in less time, the firm’s turnover is increased, and 
what is very important, the job is produced much more cheaply 
because the national advance on wages, the machine charges and 
the overhead charges which the work has to bear are reduced in 
proportion to the reduction in the time taken, and these charges are, 
generally speaking, considerably greater than the direct labour 
changes. : 

The stock answer to this argument is that there will be more 
unemployment, as fewer personnel will be required. This does not 
follow, as it is common knowledge that the cheaper an article can 
be sold, the greater will be the demand, but it must be remembered 
that at the moment and, indeed, for years to come the world demand 
for goods far exceeds the supply. 


It should be obvious then that to produce cheaply the all-important 
thing is to reduce the time taken to do a given job and not the 
piece-work price. 

It should be made clear, however, that where a firm invests several 
thousand pounds in a new machine tool or process, having better 
facilities than the machine or process which it replaces, then it is 
obvious that a reduction in piece-work prices must be made, or the 
replacement could never be justified. The correct procedure is to 
reduce the price to a figure which will permit the operator or 
operators to make a substantial increase in their bonus earnings 
over and above the percentage earned on the old machine or 
process. If this attitude is adopted, then both the employer and 
employee receive a fair return, the increase in the bonus earnings of 
the operator can be regarded as reward for the greater industry 
which will be necessary to keep pace with the machine’s or process’s 
improved potential capacity for doing work. 

In the future, the savings due to reducing times taken will be 
even greater, as it would appear essential that the period of time over 
which machine tools are depreciated must be reduced if we use our 
machines to full capacity and we are to keep in the forefront and 
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take advantage of future developments in machine tool design 
immediately they are proved. 


This brings us to another important point. In the past many 
machine tools have been purchased solely on price. Price by itself 
is no guide. When you buy a machine tool, you are, in fact, pur- 
chasing production and the machine tool which will give the highest 
production rate per £ of capital invested is the cheapest, even 
though it may be the most expensive in first cost. This statement 
assumes, of course, that the. machine tools under consideration 
are equal in quality and accuracy. 

Most of my remarks in this paper centre around machine tools 
and the machine shop. The reason for this is that I am convinced 
we must change our attitude. In the past and, indeed, in many 
heavy engineering works at the present time, extensive fitting is 
regarded as inevitable. Little or no effort is made to finish the work 
on the machine tool. Bores are all made small and male diameters 
large intentionally, or unintentionally, to give a fitting allowance 
in accordance with the age-old traditional doctrine of shop practice, 
that you can take a bit off but you cannot put it on. 

It is absurd to spend very large sums of money on the most 
up-to-date machine tools which are capable of very much greater 
accuracy than any fitter, and then proceed to rough the work on 
the machine tools and finish it by fitting. 

To be efficient this procedure must not be allowed to persist. 


Leadership and the Human Factor. 


Paramount in importance in obtaining a high production efficiency 
I would place good leadership, because I am certain that it is only 
through leadership of the highest order that a team spirit can be 
fostered, and such a spirit is vital if men are to work efficiently and 
happily together. 

I would go so far as to say that with old plant and good leadership 
very much more can be achieved than with the most up-to-date 
plant and inferior leadership. 

When I speak of leadership, I am not only referring to the 
managing director and his senior staff or the works’ manager and 
his foreman. I am referring to anyone in a production organisation 
who is entrusted with the position of being the skipper of a team, 
> they in the cost office, drawing office, fitting shop or machine 
shop. 

The human factor is in my opinion the dominating one so far as 
efficient production is concerned. 

I always remember the discussion which followed a lecture when 
one of the speakers suggested to the lecturer that men old in years 
were incapable of adapting themselves to new methods, and the 
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lecturer’s apt reply was, ‘‘A man is young when he thinks of 
to-morrow, middle-aged when he thinks of to-day, and old when 
he thinks of yesterday.”’ 

In the same way a factory full of new machine tools is not in 
itself an indication of efficient production. It is the human factor in 
the organisation which determines the issue. 


Pre-Production Planning and Designing for Production. 


It is true to say that a job can be made inherently expensive to 
produce before it leaves the drawing office, and no amount of effort 
on the part of the shop personnel will enable the job to be produced 
efficiently afterwards. 

It is in this direction that the draughtsman and designer in close 
co-operation can play their part in improving production efficiency 
by designing specifically for production. 

Drawings of every component, no matter how small, should be 
carefully studied from a production point of view before the design 
is finalised on the drawing board. 

The design should be carefully examined from a point of view of 
machinability, very often slight modifications which do not in any 
way impair the job as regards the purpose which it must fulfil in 
service, will make the task of the shop supervision and machine 
tool operator much easier and at the same time the job less costly. 
On heavy workpieces the more operations which can be performed 
at one setting the better, and any changes which can be made in 
design with a view to achieving this end will amply repay. 

By way of example, any projecting bracket or the like which 
prevents a surface being swept over its full area by a cutting tool 
and compels the machining to be carried out in a series of different 
operations on different machine tools, should be bolted on rather 
than cast or welded on if at all possible. 

In the case of cast iron, cast steel and welded components, the 
closest co-operation between the design and drawing office and the 
foundry, pattern shop and welding shop during design is essential 
if good sound castings or weldings at the lowest production cost are 
to be obtained. As far as the smaller castings are concerned, the 
extensive development of machine moulding has made the necessity 
for close co-operation even greater if this process is to be exploited 
to the full. 

Welding is an operation which is well suited to the production of 
one off components, such as are found so frequently in heavy 
engineering, due to the saving of pattern-making costs. Any 
consideration given during design to adopt welding where it is 
applicable will amply repay, although it is appreciated that there 
are certain items which will always be produced more economically 
by casting. 
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In the case. of workpiece of irregular shape, the work of the 
machine shop will be eased considerably if support faces and clamp- 
ing points are provided for securing the job on machine tool tables, 
even if they have to be cut off later. The inclusion of machined 
setting faces in certain cases is also an advantage in that the amount 
of marking off can be reduced, and other machined faces produced 
direct from the setting face, by working to the vernier scales on the 
slides of the machine tool. 


Overhead Charges. 


It is important that overhead charges should be maintained at a 
reasonable figure. 

To do this, the maximum output should be obtained per sq. ft. 
of floor space. By this I mean that machine tools and plant should 
be so arranged as to occupy the minimum floor area consistent 
with their efficient operation and the conveyance of workpieces to 
and from the machine tools. 

We all know that it looks very nice to have a spacious shop, but 
it must be remembered that rates and taxes have to be paid on the 
floor space, the shop has to be lighted, heated and supervised, and 
therefore to keep these charges to a minimum it will be obvious 
that they should be spread over the maximum turnover. 


It is definitely possible by careful layout to place machine tools 
reasonably close together and yet obtain efficient operation and 
good appearance, if care is taken that the shop floor is not used 
as a store, and passage ways through the shop and access to 
machine tools, etc., blocked by raw material or finished work. 
The raw material should be in the material store and the finished 
work either in the assembly. shop or. finished parts store, and the 
only material on the floor should be that which is in process of 
manufacture. 

Another way of reducing overhead charges where machining 
operations are concerned is to have more than one operator on the 
machine, where the work is of such a size and the nature of the 
operations to be performed such that this is possible. By way of 
example, a large lathe with two or more saddles, radial drilling 
machines with two or more drilling stations, and large horizontal 
spindle travelling column type milling and drilling machines with 
workplates and a horizontal traverse on the column sufficient to 
cover two workpieces. 

In the case of the lathe the two operators can work together, but 
in the other case, one workpiece is being operated upon while the 
other is being loaded on to the machine tool. 

* 
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Preventive maintenance and lubrication. 


In the first place it should be emphasized that every hour a machine 
tool is out of commission represents a serious loss, for two reasons : 
(a) the direct loss of production ; (6) the dislocating of production 
flow and interference with delivery dates which may be even more 
serious than the direct loss. 

To reduce loss of production and dislocation to a minimum, the 
following should be observed :— 

(1) Maintenance should be carried out on a preventive basis, 
that is, periodic inspection of the vulnerable points of every piece of 
plant and machine tool should be made with a view to detecting the 
approach of a failure before it actually occurs. In this way a spare 
can be ordered or made and can often be completed in readiness to 
be fitted at some time such as a week-end without interfering with 
production, or, if the worst happens, and the breakdown occurs 
before the replace part is completed, much valuable time will be 
saved. 

Maintenance which simply takes the form of repairs after a 
breakdown has occurred will cause a firm considerable financial 
loss. Further than this, such a procedure usuallyfleads to patching 
and improvisation as a means of repair in order to save time, which 
actually only makes matters worse when a complete failure takes 
place. 

(2) The chief cause of mechanical breakdown is without doubt 
lack of lubrication or the wrong type of lubricant, and in the case of 
the older machine tools, it will be agreed that sufficient attention 
was not given to a proper means of lubrication in the design. 

(3) To minimise loss of production due to breakdown, spares 
should be stocked of all parts which are prone to rapid wear or 
failure even when given every attention. 

(4) Finally, it should be emphasized that if any parts fail more 
than once without some good and obvious reason, then a careful 
study should be made of the mechanism concerned as very frequently 
such a state of affairs can be corrected by slight modification in 
design, when a replacement is made. 


Personnel Training. 


In the years to come production generally will become more and 
more scientific to the benefit of everyone, and to those who are 
always talking in depressing terms of there being no skill required in 
the future and craftsmanship being dead or dying, it should be 
pointed out that all that is happening is that a change is taking 
place. Instead of a large volume of skilled fitters being required, 
fewer will be necessary in the future and instead, skill of a higher 
order than ever before will be essential in all machining operations. 
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This is a situation which is easily remedied by adjusting personnel 
training accordingly. 

In the future not only must apprentices be fully trained in machine 
tool operation, but in addition all the young persons who will 
ultimately fill the ranks on drilling machines, grinding machines, 
milling machines, etc. 

Furthermore, the training to be effective must be carried out by 
fully qualified specialist instructors on new machine tools of the 
most modern types. This will create a respect for the tool and in 
addition will give the young person training on an identical type of 
machine tool to that which he will later operate on production work. 


Tolerances. 


One very important factor which has a great influence on efficiency 
of production is the development of the intelligent use of tolerances. 
You will remember that I stressed very emphatically that as far as 
ever possible, work should be finished on the machine tool. For this 
to be capable of achievement it is essential to provide tolerances on 
the drawing for the machine operator to work to. 

I always remember a case during the discussion which followed a 
lecture on tolerances when a gentleman, who obviously neither used 
nor believed in a tolerance system, stated that in his firm they always 
made the job to drawing dimensions. Except in the case of lining up, 
etc., on heavy plant, any fitting which becomes necessary is only in 
actual fact correcting faulty machine work, and erection should 
amount to no more than assembly. 

When working to nominal dimensions on drawings, it is impossible 
for any machine tool operator to produce one part so that it will 
mate up with another unless he has the mating part. This state of 
affairs is very undesirable for three reasons, firstly, because with 
heavy parts such a procedure is impossible, and secondly, that with 
the lighter parts it is impossible to plan production and maintain 
production flow if such a procedure is adopted. 

The third disadvantage is that if spares are required at any time, 
there is no guarantee that they will fit the job, without a considerable 
amount of hand work. 

It will be clear from the foregoing that the adoption and use of 
a system of tolerances is essential. The greatest difficulty here is 
in the selection of tolerances. There is a tendency when fixing 
tolerances to think in terms of what is the greatest accuracy the 
machine shops can produce. This attitude is disastrous. Granted, 
it is useless specifying tolerances which the shops have not the 
facilities to produce; the correct attitude in selecting tolerances 
should be to specify the maximum tolerance that is permissible, 
consistent with the efficient functioning of the part in service. 
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Should the figure thus arrived at be finer than the shops can pro- 
duce, on existing plant, then new machine tools or methods may 
be called for. 

Generally speaking, tolerances can be wider than is sometimes 
imagined without being detrimental to the functioning of a 
mechanism, although admittedly there are certain important excep- 
tions to the statement. Ridiculous though it may appear at first 
sight, the aim in framing tolerances and degree of finish should be 
to make the job as inaccurate as is permissible, as it must be 
remembered that the higher the accuracy and finish the higher the 
cost. Any increase in accuracy and finish over and above that 
necessary for the correct functioning of a part is therefore only 
raising the selling price, and either losing a firm an order to a more 
efficient competitor or reducing the demand for the goods. 

Another important point in the fixing of tolerances is that there 
should be no question of regarding a tolerance simply as a guide and 
leaving it to the discretion of the inspector as to whether he accepts 
the job or otherwise. If a job outside of tolerance is acceptable, then 
the tolerance is too fine and is simply increasing the cost of the work 
to no purpose. 


Plant and Equipment. 


While the points which I have dealt with up to now are vital, the 
subject of efficient machine tools and machine tool equipment is 
probably nearer to the heart of many production engineers than 
the previous part of this address. 

In the preface to the book ‘‘Motion Study”’ by Frank B. Gilbrith, 
published in 1911, the editor of ‘Industrial Engineering’’ wrote : 
**Some day an intelligent nation will awake to the fact that by 
scientifically studying the motions in its trades, it will obtain the 
industrial supremacy of the world.’’ 

Whether this statement is completely true or not will only be 
proved by future events, but one thing is certain, gentlemen, and 
that is motion study principles must be applied to engineering 
production and machine tool operation particularly if we are to 
achieve a high degree of production efficiency. 

In closing the address I would like to express my thanks to the 
directors of Messrs. C. A. Parsons & Co., Ltd., for having permitted 
me to disclose certain of the information given in the paper. 
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PLAIN SLEEVE BEARINGS, MATERIALS 
AND DESIGN 
By W. H. TAIT, M.I.Mech.E., F.I.M.* 


Presented to the Institution of Production Engineers, 
London Section, 24th October, 1946. 


\ 


Many of the tasks undertaken by the Production Engineer require 
one or more sleeve bearings as component parts, and although 
bearings have been known and studied for a very long time— 
I believe that Archimedes was something of an authority on them 
in his day—there is still a good deal of ignorance and confusion of 
thought about the way they work. This is reflected in the substantial 
differences in bearing practice in different countries, and even in 
different works in the same country, so that the Production Engineer 
must often feel confused among the wide variety of available 
materials and the conflicting published statements as to their 
behaviour. As a consequence, he all too often plays for what he 
considers to be safety, and to many engineers the terms ‘‘bearings’’ 
and ‘‘bronzes’’ appear to be almost interchangeable. There is more 
to bearings than this, and the present paper is an attempt to give 
practical help to the Production Engineer, first by describing what 
happens in a commercially-produced bearing while it is running, 
then by listing the best available bearing materials with their merits 
and their limitations, and finally by giving some hints to the de- 
signer on how to profit from the merits and avoid the failings of 
the materials at his disposal. 

To do this within the frame of a lecture will mean confining myself 
to a limited choice among the host of materials being made and 
successfully used somewhere in the world. But I have tried to omit 
nothing essential, and believe that the Production Engineer wi!l 
find what he needs within my chosen list of materials. If I appear 
to devote excessive attention to the materials other than bronzes, 
this is because I want to encourage new lines of thought among 
engineers on bearing questions. 

You will observe that I refer always to the behaviour of com- 
mercially-produced bearings and I do this deliberately. Far too much 
published data is based on the behaviour of laboratory-produced 
bearings and journals tried out only in laboratory test machines of 
quite unpractical rigidity and mechanical perfection. To the 
Production Engineer a low coefficient of friction is of secondary 
value, if securing it demands accuracies and rigidities that are outside 


*Technical Director, The Glacier Metal Co. Ltd. 
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the normal run of machine shop tolerances and the permissible 
weight or overall size of the assembly. All my remarks will refer to 
the ordinary article of commerce, but will'assume an appreciation 
of the importance of maintaining the highest available quality of 
production and of designing for maximum rigidity within the prac- 
tical limits imposed. 


How a Bearing Functions. 


First, let us consider how a bearing functions. This delving into 
theory may be somewhat boring but I believe it to be essential to a 
proper understanding of our subject. A bearing, then, is a device for 
allowing two parts to move relatively to each other without friction, 
that is, without resistance to movement and without wear. No 
bearing does this perfectly, and the degree of its failure is shown by 
the heat that is generated together with any loss of size of the 
relatively moving parts. A few dry substances have in themselves 
surface properties that allow other substances to slide over them 
with littie friction. Of these, graphite is the outstanding example, 
but in general it is necessary to introduce a third medium to separate 
the two moving parts. One way we can do this is by the use of 
mechanically rolling separators, like spheres or cylinders, which, in 
effect, reduce the actual relative movements of surfaces one against 
the other almost to vanishing point : hence, ball and roller bearings. 
The other method, which particularly concerns us here, is to use an 
oil or grease lubricant as the separating medium. In this case films 
of lubricant attach themselves to the surfaces of the moving parts 
and it is between these films that the sliding takes place. 

Take as an example the simple case of a steel journal revolving 
within a bronze bush, with oil or grease as the lubricant. As already 
mentioned, a film of the lubricant will adhere to both journal and 
bush, and it must be understood that this adhesion is something 
much more than mere wetting ; it is a chemical attachment between 
the surfaces of the metals and the long threadlike oil molecules which 
float from the journal and bush surfaces like trailers of seaweed 
anchored to a rock. Anyone who has slipped on seaweed-coated 
rocks will understand the allusion and will have a picture of the 
fundamental type of lubricated sliding. This type of film lubrication 
is found in all well lubricated and well fitted journal bearings rotating 
at relatively low speeds, or operating with reciprocating or oscillating 
movements. The most striking thing about it is the strength of the 
oil film and the tenacity of its attachment to the journal and the 
bearing. Although only a few molecules thick, a film of a good 
lubricating oil requires heavy pressure for a considerable time to 
squeeze it out completely. 

There is an important lesson to be learned here. Since the oil 
films are so thin and because the journal must be made smaller in 
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diameter, it follows that all the pressure is exerted over only a small 
area of the mating surfaces. In fact, the only reason the contact is 
not along a line is because bush and journal distort elastically and 
the journal sinks to some extent into the bush, like a thumb pressed 
into rubber. It follows that the distribution of pressure can be 
improved by taking care of three things : clearance between journal 
and bush as small as possible ; moduli of elasticity of journal and 
bush both as low as other factors allow. Later I shall have more to 
say about the value of low elastic modulus in a bearing material, 
but here we see the value of a low modulus for the journal too. 
Remember that the modulus of cast iron is little more than a third 
that of the steels. 


Oil Pad Lubrication. 


Next let us look at the fast rotating journal running in a bearing 
with a plentiful supply of oil, and a clearance space between journal 
and bush amounting to a few thousandths of an inch. The spinning 
journal with its adherent oil film will, if the speed is sufficient, act as 
a kind of pump dragging the oil into the pressure area between 
journal and bush and building up a firm pad of oil of substantial 
thickness to hold the oil-filmed bearing and journal surfaces apart. 
Here we have something quite different from film lubrication ; the 
pad of oil as a separator acts more like balls or rollers, the molecules 
in the pad rolling over each other in a comparable manner ; but 
unlike balls, whose pressure is imposed on small areas of outer and 
inner races only, the oil pad distributes its load over substantially 
half the total area of the inside of the bush. So you will readily 
appreciate that an oil-pad lubricated bearing will be able to carry 
much heavier loads than either a film lubricated or a ball or roller 
bearing of the same size. 

The theory underlying the behaviour of a ‘‘full fluid lubricated”’ 
bearing, as it is usually called, is interesting, but as it chiefly concerns 
such specialised applications as petrol and diesel engines and not 
the general run of engineering uses, I will describe the theory briefly 
in an appendix to this paper. For the moment we will be content 
with the knowledge that ‘‘full fluid lubricated’’ bearings will 
carry greater loads than those that are only film lubricated. 

So far we have been considering the theoretical bearing— 
perfectly rigid, perfectly smooth, everything perfectly in line. In 
practice we can only approximate to the ideal and, except for very ° 
lightly loaded bearings, there is always a possibility of a third 
condition—actual metal-to-metal rubbing where the oil film has 
been ruptured, and no longer keeps the journal and the bush 
surfaces apart. The boot, in fact, has crushed through the seaweed 
on to the rock beneath. It is easy to see that this will happen where 
local pressure is high—perhaps due to roughness of the shaft (like. 
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nails in the boot), or to misalignment causing excessive pressure on 
one edge‘of the bush. I shall deal later with the expedients adopted 
to"minimize the*danger of metal-to-metal contact occurring, but at 
the moment we are concerned with what happens as a result of such 
contacts. One of two things may happen, depending on the materials 
of which the journal and the bush are made. At the local high 
pressure spot, the temperature rises until either (a) the least refractory 
metal melts and the high spot therefore disappears by metal flow, 
or (b) there is local welding of bush and journal surface, the weld 
being immediately torn apart in such a way as to remove the high 
spot. 

Remember we are talking of very minute areas, and the effects 
described are of a microscopic order of size. If the bush is made of, 
or lined with, such a low melting point material as a babbitt, the 
only effect of the local melting will be a superficial smoothing, with a 
gradual easing to conform with slight assembly misalignment. If 
the bush is made from a copper alloy such as copper-lead, and the 
journal is a soft steel, then local welding of copper to steel at high 
spots can cause plucking out of tiny fragments from the surface 
of the journal, showing itself in the course of time as journal wear— 
frequently without any damage to the bush. 

I hope you now have a picture of what may be happening in a 
well designed and normally accurately made journal bearing. If it 
is not over-loaded and is running at a high speed with copious 
lubrication, there will be a firm but resilient pad of oil separating 
journal and bearing over the greater part of the pressure area ; in 
parts, however, because the assembly is neither perfectly made nor 
perfectly rigid, the pad will be squeezed down to molecular thickness 
and film will be sliding on film ; and in commercially-produced 
bearings, when loadings are high or alignment imperfect, there is 
also the possibility that at local high spots metal will be rubbing on 
metal, and processes of melting or seizing will be taking place. This 
state of affairs is found in the big ends and main bearings of auto- 
mobile engines and in many designs of high speed grinder spindles. 

Then if the journal speed is too low for the oil pad to form, we 
shall have film lubrication and possible metal-to-metal behaviour 
only—and it must not be forgotten that even high speed journals 
must start up from rest and slow down again, so that for part of 
their life they will be running without the oil pad. These are the 
conditions most commonly met with by the engineer. 


Requirements in Bearing Materials. 


Now since perfection in manufacture is impossible, the materials 
used for bearing and journal should possess as many helpful 
properties as possible. If alignment is imperfect and journal surfaces 
not smoothly finished, then the bearing material should be able to 
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conform to suit these imperfections,” if possible permanently 
conform to suit structural errors and elastically conform to suit 
transitory effects, such as those arising from shaft whip. Low 
indentation (e.g., Brinell) hardness will permit permanent deforma- 
tion to meet poor manufacturing alignment, while low elastic modu- 
lus helps with transitory changes in alignment. There is a limit to the 
permissible plastic softness ; the bearing material must not be so 
soft as to squeeze out under the loads to be carried. There is also 
theoretically a limit to the permissible elastic softness—a bearing 
as resilient as soft rubber might easily fail to keep the journal within 
permissible range of transverse movement—but among the normal 
materials used for sleeve bearings, the quest is always for the lowest 
attainable elastic modulus. _ 

Softness in a bearing also has merit when dirty lubricant has to be 
accommodated. Taking motor-car engine bearings as one example, 
although many other illustrations of dirty lubricant could be cited, 
the lubricating oil soon becomes loaded with carbonaceous dirt and 
grit, and this abrasive matter must be able to pass through the space 
between journal and bearing without doing damage to either. Large 
pieces of foreign matter may even become embedded in a soft 
bearing material like a babbitt, being pushed in so deeply as to be 
out of the way. But there is a limit to the amount of dirt that can be 
absorbed in this way and by far the greater amount of dirt passes 
through the bearing space by elastic deformation of the babbitt, 
or other low modulus bearing material ; it passes through in a 
manner that has been likened to the buttons on a shirt passing 
through the rubber rollers of a wringer, leaving no mark behind. 

We must add to our requirements of a sleeve bearing material 
that it must not be affected by any lubricant that may be used, 
remembering that to-day’s oil technicians add many strange dopes 
to their specialized brands ; and that it must be mechanically strong 
enough, particularly in fatigue, to stand up to the heaviest loads it 
may meet in the particular application without surface failure and 
without coming loose in its housing. It is this last requirement 
more than any other, this need for mechanical strength, that is 
the reason there are so many types of bearing material in use to-day. 
I can point this generalization with another. A standard high tin 
babbitt will meet every bearing requirement for which its strength 
is sufficient ; no stronger bearing material has all the merits of the 
high tin babbitt. I can amplify this generalization by the statement 
that lead babbitts and low tin babbitts are less strong than the high ~ 
tin babbitts but are often adequate and are cheaper. 


Load Carrying Capacity. 


Since gaining additional strength as we leave the babbitts means 
a progressive loss in other desirable attributes, we must always ask 
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ourselves this question : What is the softest material I can use that 
will be strong enough for this particular application—with, of 
course, a proper factor of safety ? 

This is, I suggest, a very different approach to that usually adopted 
by engineers. I have found it a very common view that phosphor 
bronze is the best bearing material for all purposes ; that all other 
materials are, as it were, substitutes and to be used with diffidence, 
In America this idea of the supremacy of phosphor bronze has long 
been discarded and leaded bronzes and whitemetals, all much softer 
materials, have taken their place in all but certain heavily-loaded 
applications, particularly those where pressures are high and relative 
movement slow and limited in extent. 


At this stage you, as engineers, would no doubt like me to present 
you with a set of tables and graphs connecting speeds and loads 
with a recommended material. Much use is made in published 
literature of factors like PV and ZN/P and, indeed, they can be 
quite helpful if taken in conjunction with the very many other 
variables, mostly incalculable and to be assessed only by experience 
and by reference to parallel cases. But I am afraid it is impossible 
to give definitive tables or exact prescriptions. The fact is the 
subsidiary factors are usually more important than the bearing 
material itself in determining permissible loadings at required speeds. 
Let me give you some examples to illustrate this. First consider 
a 2 in. journal rotating in a rigidly supported whitemetal lined 
bearing somewhere between 1} in. and 2} in. wide, and at a speéd 
of 200 r.p.m.—roughly 100 feet per minute. Clearance between 
journal and bearing is 0.002 in. on diameter, and lubricant is supplied 
by a pump at 45 Ib. per square inch through a hole in the unloaded 
side of the bearing. We could confidently expect such an assembly 
to accept a load of 4,500 lb./sq. in. Now compare this with an 
identical assembly but lubricated on the ring-oil principle. I should 
unhesitatingly reduce the permissible load by 50 per cent. to 2,250 
Ib./sq. in. Now change to drip oil feed, or other similar controlled 
supply of oil and I should cut my permissible load by 50 per cent. 
again, to 1,125 lb./sq. in. Finally, if you insist on designing for 
lubrication by a man with an oilcan I should be reluctant to allow 
a loading of more than 500 Ib./sq. in. 

An even more striking illustration of the effect of lubrication is 
provided by the harder bearing materials: Take my illustration 
above and substitute phosphor bronze for the whitemetal lined 
bearing. Clearance would need to be greater for the bronze, say, 
0.003 in. on diameter. With pressure lubrication the permissible load 
would be 8,000 Ib./sq. in., but with ring-oil lubrication I would reduce 
this to about one-tenth, say, 800 Ib./sq. in., and with drip feed to a 
mere 400 Ib./sq. in., while I should not expect the bearing to give 
any satisfaction at all if left to the mercy of the occasional oilcan. 
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The explanation lies probably in the dual function of the oil. 
It has not only to lubricate ; it must also be the major instrument for 
removing heat from the bearing and journal surfaces. The harder 
materials, like phosphor bronze, always produce more heat in 
running and do so particularly noticeably if alignment is not quite 
perfect, and so are more influenced than the whitemetals by the 
lubrication means. 

This brings us to another factor ; there is, in practice, a definite 
limit in speed beyond which the ability to carry load drops suddenly 
and drastically. This is when in the prevailing conditions, notably 
of lubrication, heat is being generated faster than it can be dissipated 
and when that happens, even if only by 4° C. an hour, it is easy to 
see that temperatures must build up until seizure occurs. Many 
factors may contribute to this excess generation of heat: a little dirt 
in the oil ; slight extra pressure on a thrust face ; minute misalignment 
due to heat distortion. All these are much more serious and critical 
with bronze than with whitemetal. 

I have shown above how load carrying capacity is reduced by 
diminishing the oil supply to the bearing surfaces. The converse 
also holds true. For very high speeds it must be clear from what has 
gone before that a whitemetal is to be preferred to a bronze. 
Ability to carry load must necessarily be well within the strength 
limits of a whitemetal, while the heat generated and needing to be 
dispersed will be at a minimum. 

To raise the load carrying capacity of a whitemetal bearing it is 
only necessary to increase the rate of heat dissipation and this can 
be contrived by allowing copious oil to flow between bearing and 
journal. Often increasing oil pressure and widening the clearance 
between journal and bearing will be enough to increase the per- 
missible load by 50 per cent. More still can be gained by providing 
pockets in the bearing through which still more oil can surge over 
the journal surface. At the highest speeds an oil cooler is needed 
if maximum load of high speed is to be attained. 

From this explanation you will appreciate the difficulties of 
compiling reliable tables for engineers to work from. I agree the 
real need for such tables and am one of many workers who are 
collecting every possible scrap of data in the hope that in time 
it will be possible to fill the need. I can only confess that to-day 
we have to call on experience to adjust such basic tables as we have 
so that we may correct them for the particular case under review. 

Fortunately the picture is not nearly as gloomy as may appear 
from all this. The great majority of bearings are used in unexacting 
conditions and, with general data that it is easy to provide, it is a 
simple matter to specify a suitable material. In very many cases 
choice will be so wide that it becomes a question only of production 
methods and which material is cheapest or can be most easily 


81 





PLAIN SLEEVE BEARINGS 


handled. But when loading is heavy, or lubrication is uncertain or 
liable to contamination, when there is uncertainty of any kind, then 
some degree of experiment is needed if the best material is to be 
chosen. It is wise always to start trials with a material slightly 
softer than would appear likely to work, and then move upward 
towards harder materials ; otherwise there can be no certainty that 
the material finally chosen is the softest that will meet the case and so 
the most desirable on all counts. 


Available Sleeve Bearing Materials. 


We are now ready to consider available sleeve bearing materials 
and, for the reasons discussed above, I shall give them in order of 
mechanical strength, starting with the weakest and softest, although 
this means leaving to the end the materials most generally loved 
by engineers. 

1. Lead-base whitemetals (Lead babbitt of various compositions). 

2. Tin-base whitemetals (Tin babbitt of various compositions). 

3. Copper-lead mixtures (Copper with 30 per cent. Lead). 

4. High-Lead Lead-Bronzes (Copper with about 20 per cent. 
Lead and 5 per cent. Tin). 

5. Standard Lead-Bronzes (Copper with about 10 per cent. Lead 
and up to 10 per cent. Tin). 

6. Gunmetals (Copper with varying amounts of Tin, Lead and 
Zinc). 

7. Phosphor Bronze (Copper, with about 10 per cent. Tin, and 
appreciable Phosphorus). 

8. In addition, and distinct from the above solid materials, we 
have the oil-retaining porous bushes, usually made from a Copper- 
Tin alloy with added graphite. 

9. Finally, we have graphite, as well as graphite-carbon, and 
graphite-carbon-metal compositions. 


1 and 2. The Whitemetals—Tin-base and Lead-base. 


In their simplest form these are solid die-cast bushes or half 
bearings, usually sufficiently accurately cast to be bolted up directly 
into a housing but requiring boring, reaming or burnishing of the 
bore to assure accurate clearance between journal and bearing. Such 
bearings are not made with prefinished bores because their softness 
makes them deform slightly on bolting up or pressing into the 
housing. 

The tin-base metals are the more generally useful, partly because 
they can be more accurately cast and partly because the lead 
babbitts hold their interference fit less well, particularly at higher 
temperatures, 
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This type of bearing, the solid tin- or lead-base die casting," has 
quite a wide field of usefulness because it is produced by simple 
casting in a finished or semi-finished state. With straightforward 
bearings the cost may be rather high because, though manufacturing 
costs are low, raw materials costs are high, but where complex 
designs are concerned and reasonable numbers allow the spreading 
over of die costs, they are often an economic proposition. Their 
limitation is their low strength. When loading is at all heavy they 
may become loose in their housing or they may squeeze out at the 
ends. 

For heavier duties, tin” and lead“ babbitts are always used as 
linings, with backs of stronger material, usually steel, sometimes 
bronze or gunmetal. The steel-backed tin-base whitemetal lined 
bush or bearing is the finest bearing there is, up to the limit of the 
mechanical strength of the whitemetal. 

While steel is the standard material for bearing backs, gunmetal 
is sometimes advised for bearings fitted into aluminium housings, 
because its thermal coefficient of expansion is closer to aluminium 
than is that of steel. The wide difference in the coefficients of thermal 
expansion of steel and aluminium may, in the case of a lightly 
designed housing, lead to a loosening of the bearing at elevated 
temperatures, and in such cases one must choose between steel with 
large interference fit or gunmetal. Gunmetal shells may also be 
used for complicated designs which can more easily be produced in 
the foundry than the machine shop. Other things being equal, steel 
is to be preferred to gunmetal ; it is stronger and gives a much better 
bond to whitemetals. 

It is sometimes thought that babbitt-lined bearings are only useful 
for those specialised positions in which there is full fluid lubrication 
and this is, of course, their most useful sphere. But they can be used 
also in general engineering practice, where there is only the usual 
film of oil or grease, so long as pressures are not so high that the 
soft metal squeezes out. Dr. Schlesinger has shown that whitemetal 
can make admirable lathe headstock bearings for extremely precise 
and micro-finish work. For such purposes the bearings are made a 
very tight fit on the spindle and the supply of oil is strictly limited to 
just sufficient to provide a tenuous oil film, only molecules thick, 
on spindle and bearing. By this device the spindle is kept most 
accurately positioned, while the limitation of the lubricant to bare 
films encourages cool and low frictional drag running. The same 
arrangement has been applied to precision borers and grinder 
spindles, and is worthy of thought in all those special applications 
where precise positioning, perfect smoothness of movement, and cool 
running to avoid thermal distortion are needed. 

The simple steel-backed babbitt-lined bush, accurately rolled up 
from bimetal strip can be used in dozens of positions in all types of 
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machines. It is only ruled out when pressures are high enough to 
squeeze it out. 

Tin-base and lead-base whitemetals are made in a wide variety of 
compositions, but 95 per cent. of all applications can be met by 
two tin-base and one lead-base alloy. Outside these a few special 
compositions are needed for unusual applications, as, for example, 
the special tin-zinc sea-water bearing used for the propeller shafts 
of sea-going ships. 


3. Copper-Lead Mixtures. 


We are compelled to refer to these as copper-lead ‘‘mixtures’’ 
because in the true sense they are not alloys at all. The copper is 
present as a sponge with the spaces filled with lead. In use a film of 
lead forms over the surface and becomes the true bearing material 
opposed to the shaft. Although considerably harder than the 
babbitts, they thus still retain many of the desirable properties of 
the soft alloys because of their high lead content ; in particular they 
are tolerant of dirty or inadequate lubrication. They have for many 
years been used in diesel engines, for big ends and main bearings, 
but recently big reductions in cost of manufacture have led to their 
use in the general engineering field. Being mechanically rather 
weak in compression, copper-lead is always used as a lining in a 
steel back, and the form most useful in general engineering is the 
accurately rolled-up bush, with pressed-in oil groove and oil hole, 
made from bimetal strip. The steel back gives them strength to stay 
tight in their housing and the copper-lead lining will resist being 
squeezed out, unless there is excessive and sustained pressure. They 
can be made thin, again because of the strength of the steel back, 
and this means that they take up little room. They can, in fact, be 
looked upon as a most useful general purpose bush. Taken in 
conjunction with the previously mentioned steel-backed rolled-up 
babbitt-lined bushes, they cover the greater part of the general 
bearing field. Clearly they are bearings (or bushes) which must be 
bought ready-made, as they demand special tooling, and this means 
using a standard size unless a sufficient quantity is required to justify 
special tooling. However, the standard sizes are so closely spaced 
and adaptable that they will be found to meet most requirements. 


4 and 5. High-Lead and Standard-Lead Bronzes. 


These are harder and mechanically stronger than the copper-lead 
mixtures described above, and so are able to stand up to heavier 
loadings. The standard lead-bronze, which contains 10 per cent. 
Tin and 10 per cent. Lead, is to be obtained in the form of rolled-up 
steel-backed bushes exactly similar to, and in the same range of 
standard sizes as the straight copper-lead material. It will be chosen 
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when loading is too heavy for copper-lead and it will, as the price 
for its greater strength, be more critical of lubrication cleanness 
and adequacy. 


Both the standard and the High-Lead Bronzes, the latter with 
20 per cent. Lead and 5 per cent. Tin, are also used unbacked. For 
this they are machined from castings and many are made up by 
engineering firms themselves from special castings, or from cast 
stick, solid or cored. They are not easy metals in the foundry, and 
their casting is a job for specialists. But they are easy to machine 
and will be used instead of the steel-backed bushes where special 
shapes are needed, particularly bushes with flanges or with specially 
shaped backs. The High-Lead alloy is rather weak in compression 
and its strength will be called in question more because of danger of 
losing interference fit than because it may squeeze out. 


6. Gunmetals. 


These were originally tin bronzes without deliberate residual 
phosphorus, made more readily castable and more easily machinable 
by the addition of a small amount of zinc. For bearing purposes 
the gunmetals benefit greatly by the addition of lead, and leaded 
gunmetals have their uses in a restricted field. Inferior as bearings to 
the zinc-free or low-zinc true lead bronzes, ease of manufacture and 
relative cheapness give them a definite, if limited, field for applica- 
tions within their scope. Examples are their use, lined with white- 
metal, for bearings which have to take moderate thrust loads on their 
exposed flange faces. Large bearings found in cranes and other 
heavy machinery are often made of gunmetal, and give good 
service. They are definitely superior to brasses, which are not really 
bearing metals at all, and should be avoided except in the most 
unimportant positions where low cost is the only essential. 


7. Phosphor-Bronze. 


This classic material has, through conservatism and a failure to 
appreciate the merits of the lead-bronzes, maintained a quite 
unjustified reputation in England. In America its use has long been 
confined to the small field of applications in which loadings are so 
extremely heavy that even the strongest lead-bronze is inadequate. 
For such applications it cannot be surpassed, but its hardness 
demands a fully hard journal or thrust face, and the material makes 
no concessions to misalignment, or anything but free lubrication. 
For this reason it falls at the foot of our list—the last resort—but is 
a material of sterling qualities where the heaviest possible loadings 
have to be supported. For these it is supreme. 
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8. Porous Oil-Retaining Bushes. 


I do not have to stress the value of a bearing which needs no 
external source of lubricant, and the increasing use of porous 
oil-retaining bushes is not surprising. They are made from metal 
powders by a sintering process and their usual composition is that 
of a 10 per cent. tin-bronze with graphite added up to a maximum 
of 1.5 per cent. They usually hold about 30 per cent. of their volume 
in oil. They can be used in two ways. Where loading is light they 
can often be fitted and forgotten ; the supply of lubricant will last 
the lifetime of the machine. Alternatively, an oil reservoir can be 
arranged which need be filled only at long intervals, the porous bush 
metering the oil as needed to the working surfaces. A useful factor 
here is that a rise in temperature at the bearing surfaces warms the 
oil in the pores of the bush and allows it to flow more freely to meet 
the demand. In this instance again, the bushes must be bought in 
the finished state since their manufacture demands special tooling. 
There is, however, a wide range of standard sizes available in the 
market, and these cover the majority of everyday applications. 

To the obvious question, ‘‘Why use anything else but these 
self-lubricating, fit-and-forget bushes ?’’ I have to reply that their 
use is limited ; that above certain speeds and loads, dependent to a 
high degree on the prevailing conditions, they are not satisfactory, 
largely because they provide no means for heat dissipation through 
oil flow. They should, however, always be considered because of 
their obvious merits. 


9. Graphitic Materials. 


As already mentioned, graphite is one of the very few materials 
that is capable of sliding against other materials (or itself) with 
comparatively low frictional drag, in the absence of a separating 
oil film. It can therefore be used as a bearing material where oil 
cannot be tolerated and where ball or roller bearings cannot be 
used as, for example, at high temperatures which would destroy oil, 
or in food processing machinery where oil is inadmissible, or in 
chemical processes where oil or the materials of which ball bearings 
are made would be dissolved or destroyed. The frictional drag with 
a graphite bearing is greater than with a properly lubricated white- 
metal or bronze bearing and the ability to carry load and to operate 
at higher speeds is very limited ; figures will be of the order of: 

(P) maximum load = 60 Ib./sq. in. 
(V) maximum speed = 200 ft./min. 
Maximum PV = 3,000 
Maximum temperature = 300° C. 
although all these may be much exceeded in certain circumstances. 
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Graphite bearings will clearly only be used in the special conditions 
described, but for those conditions they fill a most important need. 

Having now discussed how a sleeve*bearing works*and what 
materials we have to choose from, let us put this knowledge to 
work and consider design. We have structural factors, notably 
dimensions of bearing, rigidity of housing structure, truth of align- 
ment, correct clearance between journal and bearing and similar 
factors ; we have material and finish of journal ; and we have the 
very important factor of lubrication. It is a marvel to me that 
many bearings function at all, so casual are the arrangements for 
lubrication. Please think of a bearing as a device to provide films 
of lubricant on itself and on the journal, and remember that it 
— make these films without lubricant from which to make 
them. 


Structural Factors. 
(a) Dimensions of Bearing. 

Speaking broadly, the bearing should be as large as space allows, 
keeping the length either equal to or slightly less than the diameter 
of the bore. The best ratio for shafts up to about 3 in. diameter 
lies between 0.6 and 1.0 ; outside these ratios the permissible load 
per unit projected area decreases quite rapidly. It always pays 
handsomely to design for manufacturers’ standard sizes ; not only 
are these cheaper in the first cost, but deliveries and replacements 
are likely to be better. It should be as much the rule to refer,to 
standard lists for plain, sleeve type bearings as it is to do this for 
ball and roller bearings. 


(b) Oil or Grease Lubricating Grooves and Holes. 


It must be remembered that while these are useful for carrying 
oil or grease, and spreading it over the bearing surface, they will 
at the same time reduce the bearing surface and tend to break down 
the lubricant film. They should, therefore, always be placed in the 
unloaded part of the bearing. For grease lubrication a plain groove 
at the oil hole, parallel to the bore and about one-half of the width 
of the bearing, is usually suitable. For a wick or drip feed this is 
equally good, although an H-shape or a figure-of-eight, with the 
oil hole in the centre, is sometimes preferred. 

With forced feed oil lubrication, no groove at all is needed for a 
reasonably narrow bearing—say, 0.6 to 1.0 width-to-bore ratio, 
while for wider bearings a central annular groove may be used. 
It is worth noting that two short bushes inserted from opposite 
ends so as to leave a space between them behave exactly as a single 
wide bush with annular groove. The oil hole must always be in the 
unloaded part of the bearing and care must be taken in inserting 
bushes to see that hole in housing and hole in bush coincide. 
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(c) Clearances. 


A general figure is .0012 in. to .0015 in. per inch of journal 
diameter for bronzes and .00075 in. to .001 in. per inch of journal 
diameter for the babbitts. As already mentioned, however, the 
clearance with the babbitts can be reduced almost to nil if, and only 
if, the supply of lubricant is strictly and accurately controlled at a 
very low figure. 


(d) Fitting of Bearings and Bushes. 


A bush, or a bearing, is made larger in diameter than its housing 
so as to be held from moving by elastic stresses tending to open it. 
It is important to have the right amount of oversize and standard 
Newall fits are the generally accepted practice for this interference 
fit. The high-lead materials, however, require a slightly greater 
oversize. When pressing-in bushes, care must be taken to avoid 
distorting or damaging them. 


Bearings often fail through misalignment, which concentrates 
the load on small areas so that oil films are broken through and 
metal rubs directly on metal, and seizure or scoring of the shaft 
follows. Inaccurate machining or insufficient rigidity may cause 
misalignment and particular care must be taken with the design of 
loose caps to see that they do not distort on bolting up. 


Journal. 


(4) Material. 


Speaking broadly, steel is the almost universal journal material 
and its hardness must be greater for the harder bearing materials 
than for the softer, particularly when loads and speeds are high. 
On the other hand, graphitic cast iron is an ideal journal material 
that can be used equally well with whitemetals or lead bronzes or 
copper-lead. 

This is worth remembering because it may sometimes be easier 
to sheath a soft steel shaft with a thin sleeve of cast iron than to 
harden the journal area. Further, if for any reason some material 
other than an ordinary steel has to be used for a shaft, perhaps 
monel metal, or one of the austenitic steels, themselves poor journal 
materials, then a sleeve of a close-grained graphitic cast iron over 
the journal area will give an ideal bearing surface. 


(b) Journal Finish. 


A good finish is essential, but a high degree of super-finish seldom 
justifies its cost. As a very broad guide, I would suggest 15 micro- 
inches for a babbitt and 10 micro-inches for a bronze as being 
normal and reasonable roughness to set as standards. 
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Lubrication. 


This is of paramount importance and deserves far more attention 
than it usually receives. Designers of petrol and diesel engines are, 
of course, exceptions ; without excellently designed lubrication 
systems that provide a copious supply of clean and cool oil to their 
heavily stressed bearings, their engines would not run at all. Even 
they often give too little thought to air and oil filtration and to oil 
cooling, and blame the bearings for the lubrication inadequacies 
that follow. 

In particular I deprecate their frequent failure to remove burrs 
and sharp edges from oil holes and oil grooves and other parts of 
the oil flow system. From these edges bits get torn away and 
carried along by the oil to find decent burial in the bearing surface, 
where they will remain for the life of an engine. It is too often 
forgotten that unless an immersion heater is used, all oil in cold 
weather by-passes the filter for as much as a quarter of an hour while 
the engine warms up. 

But the general engineer, the man designing those machines and 
engines and other constructions that use bearings, and which do not 
stop working for lack of oil or grease, but merely work stiffly or 
noisily and wear out untimely—these are the engineers I want to 
persuade to improve their ideas on lubrication. All kinds of devices 
are available for putting oil where it is wanted all the time it is wanted. 
Porous oil retaining bushes and bearings I have mentioned already. 
Then a device recently introduced by my own company uses a similar 
principle, which I may describe as a porous window which meters 
oil, usually from a hollow spindle, from oil reservoir to bearing face. 
Oil pumps and feeders of many kinds are on the market, enough to 
cover every ordinary need. But do, I beg of you, arrange for oil, 
and clean oil, to be present in the bearing throughout its life. 


Conclusion. 


I will summarize the advice I have tried to give. Design your 
bearing so as to load it as lightly as possible ; choose your bearing 
material with care ; form your bearing strictly within dimensional 
tolerances ; assemble it with truth and rigidity ; oppose it by a 
journal of appropriate material and proper surface finish ; and then 
—and then, mark you—lubricate it. Do all these things and you 
will have a good bearing that will work smoothly and quietly for 
its allotted span. 

I am tempted to compress all this advice into the single admonition 
to consult the bearing manufacturer who lives his life among these 
problems, and can fortify his theory with practical experience. This 
is very good advice, and while admitting with Oscar Wilde that the 
giving of advice is necessarily dangerous, I trust I have not to fear, 
with him, that the giving of good advice is always fatal. 
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APPENDIX. 


Full Fluid Lubrication and:Boundary Lubrication. 


The theory of full fluid lubrication postulates that everything 
takes place within the oil ; the materials of shaft and bearing have 
no significance. It assumes that shaft and bearing are rigid and 
that the oil separating them adheres inseparably to their respective 
surfaces. It is built on the well-proved theory that in a properly 
designed bearing, running at sufficient speed and lubricated with 
oil of sufficiently high viscosity, oil admitted at a point remote 
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FIGURE |. 


from the area of maximum*pressure will be sucked in as by a pump, 
and will be forced between journal and bearing under a pressure 
that varies in the manner shown diagrammatically in Fig. 1. 

It finds that for a given clearance the coefficient of friction (that 
is, the frictional force divided by the pressure between shaft and 
bearing) is affected by three things—the viscosity of the oil at the 
ruling temperature (symbol Z) being lower with less viscous oil ; 
the speed (symbol N) being lower for lower speeds ; and the load 
(symbol P) being lower for heavier loads. 

According to the theory of full fluid lubrication, there is an 
ordered relationship between these three factors ; in other words, 
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the coefficient of friction is a function of ZN/P and in practice it is 
found} that the value of this coefficient increases with increase in 
value of ZN. 
P 

Now, still confining ourselves to what is assumed to occur solely 

within the oil film, it is known that at low values of ZN that is, 
P 

when oil viscosity is low, so that the film is weak in com- 
pression ; or speeds are low so that there is not enough pumping 
action ; or pressures are high so as to break through the film ; or 
such values exist in combination, then a full oil pad is not formed 
between shaft and bearing, and we pass out of the conditions needed 
by the full fluid lubrication theory. 

Shaft and bearing are brought so closely together with low values 
of ZN that only the two adherent oil films are left, sliding directly 

P 

on each other. At lower values still, even these films are ruptured 
and metal surface rubs on metal surface. 

This gradual change of coefficient of friction can be shown 
diagrammatically in a curve of the form shown in Fig. 2. 

When starting up from stationary all bearings must pass through 
the phase of dry, or metal to metal friction, then the phase of 
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From “Bearing Metals from the point of view of Strategic Materials’’ by H. W. 
Gillett, H. W. Russell & R. W. Dayton from “Metals & Alloys,’’ Sept.-Dec. 1940 


91 













PLAIN SLEEVE BEARINGS 


semi-fluid or boundary lubrication, where the adherent films are 
forming and the full separating oil pad is being built up, before 
they reach the full fluid friction stage where, in ideal conditions, 
the metals have ceased to take part ; only the molecules of oil, 
churning and rolling over each other as they hold the metal faces 
apart, are concerned with the friction. 

In practice, it is only possible to attain an approximation to the 
ideal conditions of rigidity and constructional accuracy that have 
to be assumed for this theory, but even so, the conclusions reached 
bear a very close relationship to what actually occurs in a well- 
designed and accurately made bearing. It will therefore be useful 
to see how they apply to representative practical applications. 

Speaking broadly, there are two groups of bearings ; those 
which normally work with the full fluid lubricating pad between 
journal and bearing, only flirting with boundary and dry friction 
as they start up and slow down, and those which never attain a 
high enough value of ZN for full fluid lubrication conditions to be 

r 


attained. A motor-car engine connecting rod provides a good 
example of both. At one end, the ‘‘big end’’ bearing with the 
journal rotating within it and able quickly to build up the oil into 
a strong cushioning pad. At the other end, the gudgeon pin bush, 
reciprocating through a small angle, never able to build up an oil 
pad because N is far too small, and P too high for ZN to reach 
a high enough figure. P 


Those two bearings serve as useful examples to illustrate the 
different approach needed for the two broad bearing types. In the 
big end we have an oil pad that, as Fig. 1 shows, spreads the 
pressure over a wide area of bearing surface so that unit pressures 
are low and the bearing can be relatively soft without danger of 
being squeezed out of shape, and the shaft need have only sufficient 
hardness for the well distributed load on its surface. The clearance 
between journal and bearing is important insofar as it influences 
the formation of the oil pad. 

Very different are conditions at the small end. Without an oil 
pad and with only a molecular thickness of tenaciously adherent 
oil film on pin and bearing, there is only as much more than line 
contact between the parts as is provided by the elastic sinking-in 
of the pin into the bearing. Unit loading is thus essentially high 
and is kept within reasonable limits by making the pin a very close 
fit in the bearing, and by using a material for the bearing that will 
elastically deform as much as possible for a given load, and that will 
give as much like rubber as possible ; in other words, with a low 
elastic modulus. As against this, the high unit loading will not 
permit a plastically soft material because this would too easily 
squeeze out of shape. 
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BOND .. Restraining or uniting 


force. 


ABRASIVE _n. Substance used for 


abrading—e.g., grinding, 









polishing, etc. 


or, in ONE word ZEDITE 


Users of diamond abrasive wheels and tools hitherto have had to be 
satisfied with a medium for holding the diamonds that was just a bond and 
no more. Even so, the relative softness of the bond meant that the 
diamonds usually dropped out before they were completely used up. 
Zedite, the revolutionary new bonding medium, not only combines with 
the diamonds so that they cannot escape until every particle is used, 
but it is itself an. abrasive almost as hard as the natural diamond. 
Therefore Zedite wheels and tools las: longer, need less frequent setting up. 
They cut faster yet stay cooler, minimising ‘* loading.’’ 

Zedite products save you money and do a better job. 

Send for catalogue to :— 


BILTON’S ABRASIVES LTD., Bilton House, 111 Park St., London, W.1. 
MAYfair 8240 (10 lines) 


| ee 


DIAMOND ABRASIVE WHEELS AND TOOLS 
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There are 


few more annoying 


types... 


than the man who walks round 
one’s factory saying “Oh! do 


you still use that method”. 


OUR Managing Director is what is known as ‘outspoken’. He 
says what he thinks. And what he thinks when he sees hand tools 
being used for repetition work is nobody’s business. So if you still 
use pre-Desoutter methods for screw-driving, nutrunning, grinding 
or tapping, do one of two things. Either instal small power tools or 


be engaged—better still “‘ out °—when our Managing Director calls. 


Specialists in Lightweight, Pneumatic and Electric Portable Tools. 


DESOUTTER BROS. LTD. (Dept. P.). THE HYDE, HENDON, LONDON, N.W.9. TELEPHONE : COLINDALE 6346-7-8-9 
Cc 8.C.167 
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Type M.55 





* 


ZINC-TYPE DIE-CASTING MACHINE 


MADE BY DIE CASTING MACHINE TOOLS LTD. 
CASTING CAPACITY—5 OZS. MAX. 
AREA OF CASTING — 9 SQ. IN. 

A lightweight, hand-operated machine suitable for female 
labour. Supplied either for injection by hand or by air- 
operated plunger controlled by foot-operated valve in 
base of machine. 

Dies quickly changed for small lot production. Melting 
pot heated by town gas through atmospheric burners. 

From 400 to 500 shots per hour can be obtained from 
simple dies. 


EARLY DELIVERY 


Catalogue on request. 


ALFRED HERBERT LTD. COVENTRY 
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The steel casting plays a vital part in industry. It 
may provide a basic structure upon which the 


completed unit or a whole manufacturing process 
depends. 

Any improvement therefore in the accuracy, 
quality or reliability of a steel casting is a basic 
improvement, the effect of which is felt right 
through the production line. 

Such improvements mature most rapidly from 
co-operation between engineer-designer and 
foundryman, and the B.S.F.A. is determined to 


encourage this to the fullest extent. 


The Secretaries :— 


Longie,s 
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British Steel Founders’ Association, 30!, Glossop Road, Sheffield 10, 





YOU CAN MAKE BETTER 
USE OF STEEL CASTINGS 


All using, or likely to use steel 
castings can call upon the 
B.S.F.A.—its library, statistical, 
and research service — to 
receive the latest data upon 
steel castings processes, and 
usage; to resolve difficulties 
of design or in any way to 
help secure the utmost 
accuracy end highest quality 
of steel castings. 














STEEL CASTINGS 
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depends on Team-work 
—every tool playing its part 


in the ,right place and at 4 Go N \ 
the right time. Long exper- }/ ee 
ience in tooling and lathe \ \ 


f 
i 


[TER design has enabled us to enon 9 
INGS produce some outstanding 


results ~~~ AND... | 
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HIGH PRODUCTION MULT/-TOOL LATHE 


E2e) «=6DRUMMOND-ASQUITH (:4.55) LIMITED - 
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PRESS TOOLS 
JIGS 
FIXTURES 
GAUGES 


of Production Engineers 


REDMAN a & ARODUCTS LTD. 


vont &, ad 


PROGRESS WAY+ CROYDON FACTORY ESTATE - CROYDON 











Journal of the Institution of Production Engineers 








Trace 
CHAIRMAN WALTER F. HIGGS MLE. id 
BIRMINGHAM 6 > ENGLAND 





A HIGGS Armature weighing 24 tons being dynamically 
balanced at our Works. It is driven through a magnetic 
clutch by a HIGGS Three Phase Variable Speed Commutator 
Motor. All our rotating members are dynamically balanced. 


BIRMINGHAM, BRISTOL, DUNDEE, GLASGOW, LONDON, MANCHESTER, NOTTINGHAM. 
PETERBOROUGH, SHEFFIELD, BELFAST 
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PATENT 


| Only three ities 3 Hardenedandground § Shrouded forks give 
parts working faces minimum deflection 


2 Forks solid with 4 see bearing sur- @ Lightest and most 
joint halves compact joint made 


Efficiency 98% tna 92% Min. N.P.L. Certified. 


eat ates SaaS 


“THE UNIVERSAL JOINT 
FOR ALL TYPES OF INDUSTRIAL MACHINERY 


Fer Transmission of Power; for Auxiliary drives and in the smaller 
sizes for many forms of Remote Control 


Consult us in the design stage. 


in universal use on Aircraft, In general use in many parts 
Aero Engines, Destroyers, Sub- of the World on Automobiles, 
marines and other types of Locomotives, Agricultural and 
Marine Craft. Mining Machinery, etc. 


SEND FOR ILLUSTRATED CATALOGUE 


THE MOLLART ENGINEERING CO., LTD. 


KINGSTON BY-PASS, SURBITON, SURREY. Telephone: EL Mbridge 3352/3/4/5. Telegrams: Precision, Surbkon 
Member of tne Gauge & Tool Makers Association Air Ministry Gauge Test House Authority No. 89755/31 


Enquiries from sole agents: ALFRED HERBERT LTD. COVENTRY 
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MULTERIX 


_ TRANSFORMERS 


Leaders in the small trans- 

former field, FOSTER again 

study the requirements of 

modern industry and supply 
the answer . 


A 5 Rag, The new MULTI-FIX range 
s ht Ame. with capacities up to 500 VA, 
tees, has adaptable features such as 








simple vertical and horizontal 

fixing with adjustable feet, 

and a variety of terminal 
arrangements 





PLEASE WRITE FOR 
LEAFLET F.T.41 





9755/31 . 
&rRY Associated Companies: Lancashire Dynamo & Crypto Ltd. Crypto Ltd. Grypton Equipment Ltd. 
= 
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THOS FIRTH « JOHN BROWN LTO., SHEFFIELD 
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THE SYMBOL OF DRILLING EFFICIENCY 


CONOM Y in hole-making is assured wherever the 
“O.D.” Type Radial Drilling Machine is installed 


Catalogue R.77 gives full particulars of this type 
which has achieved world-wide popularity in all 
classes of engineering workshops. 





Send for copy. 


WILLIAM ASQUITH LIMITED 


Gibbet Street, HALIFAX, England 


Sales and Service for the British Isles 
DRUMMOND-ASQUITH (SALES) LTD., King Edward House, 
New Street, BIRMINGHAM 
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——WITH PLANNED PRECISIO 








——— Py ing into machine tools where 














ing wheels or profiled cutting 
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° Let us demonstrate how you can compete 
— successfully for post-war markets by 
— methodically planning the installation of 
precision gauges and aids throughout 
successive stages of manufacture. 

— The inset shows one of our Workshop 
__ Microscopes and exemplifies our slogan 
| “Take the gauge to the work—not the 
work to the gauge.” 

_.. This Microscope is described in our 
CY )— Publication S/113 free on request. 
































_ epeataenanmmntes = This microscope is intended primarily for build- 


it enables the 


« operator to inspect his work in progress on 
ail machine. It isa particularly valuable instrument 
——_—emaiiie. ' j on machines which make use of formed grind- 


tools such as 


eae oll | Zh, thread and pro ile grinders, screw cutting and 
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CAPSTAN LATHES 
AND TOOL EQUIPMENT ror 
HIGH PRODUCTION 


IN A RANGE OF SIZES 
5/16" UP TO 2" DIA. BAR CAPACITY 


TIMBRELL & WRIGHT LTD 


SLANEY STREET, BIRMINGHAM, 4 
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AIR COMPRESSORS 











We have standard types for all capacities 


and pressures and can supply the most 


) efficient and reliable machine for any duty. 


| 


| 
‘REAVELL & CO. LTD. - IPSWICH 


} Telegrams: “Reavell, Ipswich.” Telephone Nos. 2124-5-6 


: 
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For internal — 
and. external © 
measurement 








& LONDON 
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GRAISELEY WiLL 
WOLVERHAMPTON 
IN ZINC ALLOY— 
‘**MAZAK” OF COURSE! 


i 
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PRESS TOOLS 
LARGE or SMALL 





We are SPECIALISTS in the 
DESIGN and MANUFACTURE 
of SIMPLE, COMPOUND, SUB- 
PRESS, and FOLLOW-ON TOOLS 





ARNOTT & HARRISON LTD. 


(Member of the Gauge & Tool Makers Association) 


22, Hythe Road =. 
lit 
WILLESDEN 


‘HARRISON 


\ WILLESDEN 





Telephone : LADbroke 3484-5-6 


i 
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After Honing and Lapping 


After precision operations, such as honing and 
lapping, it is essential to remove every trace of 
the compound used before the components pass 
on to assembly and test. This is best done as a 
step in the production schedule. 


Five to seven minutes immersion in SOLVEX 
solution, followed by a hot water rinse, removes 
all oil and other matter, leaving the metal surface 
mirror clean. Production executives are invited 


to write for details. 





FLETCHER MILLER LTD., HYDE, Near MANCHESTER, ENGLAND 
On Air Ministry, Admiralty and War Office Lists. Full inspection to A.I.D. an i A.R-B. requirements. 











Distributors in Northern Ireland: 
BELL’S ASBESTOS and ENGINEERING LIMITED, 2! Ormeau Road, Belfast. 
Telephone : Belfast 21 068, 


ibutors in Eire : 


Distré 
A. H. MASSER LIMITED, Annesley Works, East Wall Road, Dublin. 
Telephone: Dublin 76118. 


Xxxvii NS3 








Journal of the Institution of Production Engineers 





Nut were handed round 
a jury box without its identity 
card, twelve good men would be 
truly puzzled to discover the secret of its 
success. But it doesn’t take a metallurgist 
to understand the story on that label — 
Mills Ledloy Steel has given this nut a 
phenomenal advantage over its rival. 

This is the result of actual production 

under machine shop conditions — 

other results have proved even more 











decidedly longer with Mills Ledloy steel 
than with other steels. 








4 LEDLOY is the name given to 
E LS LTD. steels into which a small percen- 


tage of lead has been introduced by 
a special process. All steels (carbon 
and alloy) can be so treated during 
their manufacture. 


BREDBURY STEEL WORKS, 





WOODLEY. Nr. STOCKPORT 











STOCKHOLDING AGENTS: 


LONDON BELFAST GLASGOW 
Brown Brothers Ltd. Kennedy & Morrison Ltd. John & Chas. Murray 
Buck & Hickman Ltd. BIRMINGHAM KEIGHLE 
Farmer, Stedall & Co. Chas. Wade & Co. Ltd. ater W. La Lrd. 
ippl 4 BRISTOL Guest) Keen & Ni stiefolds Lid 

W. &C. Tipple Ltd. = Godwin, Warren & Co. Ltd. ea A GHAM: 

MANCHESTER NORTHAMPTON Associated Engineering & Elec- 
Alfred Simpson Ltd. A. H. Allen & Co, Ltd. trical Supplies Co. Ltd. 


see 
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The price 


of a war- 


time success story 


The harsh, inescapable fact is that your 
Electricity may occasionally be cut 
off for short periods during the whole 
of this winter. 


This is why 


Electricity cuts are to prevent complete 
breakdown. There just isn’t enough 
plant to supply all the Electricity 
demanded. The Electricity Industry 
put everything into the job of winning 
the war; it was not allowed to provide 
additional power plant for the higher 
demands that would come afterwards. 
Inconvenience arising from this short- 
age is the price that must be paid until 





ELECTRICITY. 


OFF-PEAK 
PERIODS 


AND HELP T0 AVOID CUTS 


issued by British Electrical Development Association 











the £200,000,000 programme now in 
hand for the new plant and power 
stations is completed. | Meanwhile, 
overstrain on war-tired machinery 
(which has worked for the past seven - 
years at a tremendous pace) is an 
ever-present danger. 


The danger points 
Twice a day, five days a week, Monday, 
Tuesday, Wednesday, Thursday and 
Friday, come the danger periods. 
They are between 8 a.m. and noon, 
and between 4 and 6 in the afternoon. 
The reasons why they happen then are 
quite simple: these are the times when 
industrial needs plus domestic needs 
add up to the biggest daily demand. 
They are called the PEAK PERIODS. 


How you can help 
If you hear that Electricity has been 
cut off during a Peak Period, you will 
understand straightaway what has 
happened. People were using too 
much. The strain on the machinery 
was too great: breakdown point was 
being approached. The Electricity 
engineers had no alternative; they had 
to switch off. Cuts will not happen if 
everyone helps. During the danger 
Peak Periods, use Electricity only 
where it is essential. If Plant needs to 
run only part of the day, operate it 
between 12 noon and 4 p.m. Such 
practical help as this will minimise cuts. 
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Of Vital Catania, 


to Craphiaiiti 


INCREASED PRODUCTION IS THE TOPIC 
OF THE DAY 





ie _ 





8} in. Centre Super High Speed Production Lathe 


WE DO NOT HESITATE TO ILLUSTRATE 
A MACHINE THAT WILL INCREASE YOUR 


PRODUCTION 





Like all DSG Lathes, you can be assured of 
Service and Satisfaction, backed with over 80 years 
high class Machine Tool experience. 


If the Machine you are looking for is not illustrated, we shall be pleased to 
send catalogues and particulars according to your requirements. 


Dean SMITHS Grace Ltd 
The Lathe People Keighley, England. 


—Since 1865 
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ATMUR MACHINE T 














THE MODERN SELF-OPENING 


STUD SETTER 


This’ Stud Setter is designed to meet 
the need for a tool which combines 
speed and facility of operation and an 
ability to drive studs consistently without 
mutilation of threads. 








AN IMPORTANT FEATURE 


The drive of this tool is carried from the shank clutch through 
the driving clutch to a rectangular grip on the jaws at the 
lower end. Thus the jaws are relieved of torsional strain. 


i] 
As the action of the Tool is The Jaws are always in the 
POSITIVE and AUTOMATIC it ; 
can be operated in any position open position except when 
with either air or electrically engaged with or driving the 
operated tools. It can also be 
used in adrill press, where it is stud. All parts, including the 
a ae et fmm renee row 
operations. the end of the shell. 

* 


Write or phone for fully illustrated descriptive folder to: 













WHITEHEAD HOUSE, 247-9 Vauxhall Bridge Rd., LONDON, S.W.| 
Telephone : WHitehall 0094-5 Extn. 5 (Mr. Langley) 
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— HIGH - SPEED 
CRAVEN) LATHES 























The illustration shows the driving headstock, left-hand 
front rest and rear saddle with grinding attachment 
of a 94in. centre lathe for machining turbine rotors. 


Will swing 13 ft. 14in. dia. over saddles 
Admits 32 ft. 10 in. between centres 


Nett weight 230 tons 


CRAVEN BROTHERS cancsestrern) LTD 
REDDISH - STOCKPORT 




















XLii 











Journal of the: Institution of Production Engineers 


ed 











“NEWALLOY’ 
BOLT 
65-75 TONS 










*NEWALL’ 
: HITENSILE 

~ BOLT 

45-55 TONS 


>|! AP NEWALLESS 


POSSILPARK — GLASGOW.N. 
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V9 


finishing speeds. 
wide by 8 in. high. 





| this or larger machines. 


High Speed VERTICAL 
SURFACE GRINDER 


The Type ‘“‘ V” Surface Grinders 
are debnitely designed for high 
output on series prod 
Centralised controls for rapid 
handling. Table speeds infinitely 
variable through hydraulic gear 
with patent vernier control for 


uction. 


Capacity: 24in. long by 8 in. 
Write for further particulars of 








SNOW & CO., LTD., SHEFFIELD 


LONDON OFFICE : ABBEY HOUSE, WESTMINSTER, 
BIRMINGHAM HOUSE: DAIMLER HOUSE, PARADISE STREET 


8.W.1 
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ANOTHER NEWALL PRECISION -PRODUCT 


CUT YOUR TOOL COSTS AND 
REDUCE SETTING-UP AND TOOL 
MAINTENANCE TIMES WITH THIS 


RIGID PRECISION TOOL-HEAD... 
ACCURATE ADJUSTMENT 
WHILST RUNNING... 





MODEL “O"-RANGE OF BORES 
zx’ to 1," 


OPERATIONS See MODEL “1"-RANGE OF BORES 


pn Ne i PEWALS i” fo 12” 
BORING HEADS 


Careful design of the Newall Toolhead has elimin- 
ated complicated or delicate mechanism, leaving 
noting g get out oforder. Adjustment is effected 
through a sleeve engaging a rack and pinion. So 
simple i is the design and so strong the construction 
that it is a far more rigid tool] than any of the old 
style boring heads now on the market. In addition, 
double the amount of throw or offset is provided. 
Whilst the tool is rotating there is no internal 
ee simply the shank and body 
~~ 4 within the normally 


— Sey ojating justing slee 
fine Sajustments are provided. 


“YOUR ENQUIRIES ARE INVITED 


NEWALL ENGINEERING CO., LTD. 
PETERBOROUGH - NORTHANTS 





Sole este he en 
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NOW IN STOCK 
READY FOR 


oo) YOUR USE 
A, GILMANS 


Pvtllllilllitiiness 


: TITE-GRIP = 


ROTARY MILLING CUTTERS 
g TITE-GRIP ROTARY MILLING CUTTERS, FILES, RASPS, ETC. 








AR, SAB 























—FOR WORKING IN STEEL, CAST IRON, GUNMETAL, 
ALUMINIUM, BRASS, BRONZE, ELECTRON, WOOD, IVORY, 
BAKELITE, VULCANITE AND OTHER MATERIALS — ARE 
PRODUCED IN EVERY SHAPE AND CUT NECESSARY FOR 
SUCH WORK, AND THEY ARE AVAILABLE IMMEDIATELY. 
THE UTMOST EFFICIENCY IS ENSURED WHEN THEY ARE 
USED IN CONJUNCTION WITH “MULTIFLEX” FLEXIBLE 
DRIVE EQUIPMENT. 


Fullest particulars on request. 


GILMANS Bee 


nisms 
















































wemanns|F. GILMAN (B.S.T.)LTD| mmr sonar 
I] seems |PIONEERS IN INDUSTRIAL] ‘crore “x.” 
| mmo" | FLEXIBLE DRIVE EQUIPMENT| c= == 


Conera 2763 Beifes: 244789 


I95.HIGH STREET. SMETHWICK 41. STAFFS 
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from metallic powders, which are transformed i 
a super cutting alloy with a hardness of 1400/I 


No. |. Wimet brand cemented carbide : ra 
Vickers. 


No. 2. Wimet: available in an endless variety @ 
shapes and sizes for all cutting purposes, dra 
dies for wire, and certain wear-resistance aaa 


No. 3. Wimet: played an important part in th 
Nation’s war effort by speeding up all machinii 
operations. In shell production alone vosuanail 
phenomenal outputs. Operates at speeds x 





thought impossible, e.g., in mocern method 
milling steel, using negative rake angles, speeds 
t. per minute are easily possible. 


No. 4. Wimet: so hard that during the past 
years or so it has largely replaced diamoncs @ 
drawing all classes of wire, except in the fi 
sizes. Also used in bar and tube drawing dies 
all shapes as well as heading dies and dies for she@ 
metal drawing. 


No. 5. This wonder alloy is one of the most wean 
resistant materials known. his “no - wear 
characteristic renders Wimet invaluable for certall 
machine parts such as cams, cam followers, lati 
centres, etc., as wel: as for wire coilng guide 
hydraulic valves and seats, gauges of ali description, 
fuel injection nozzles, guides for the paper, textile 
and leather industries, etc. 


INCREASE OUTPUT-LOWER COSTS-FOR YOU 


e COVENTRY @ ENGLAND @ 
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WHEELS by CARBORUNOUM » 
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MANCHESTER, I7. 
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Write for pamphlet descriptive 


of the ‘*Avo”’ 
illustrated above. 


Instruments 


Tue world-wide use of 
*“AVO” Electrical Testing 


Instruments is striking testi- 


mony to their outstanding 
versatility, precision, 
and reliability. In every 
sphere of electrical test work 
they are maintaining the 
“AVO” reputation for de- 
pendable accuracy, which is 
often used as a standard by 
which other instruments are 
judged. 


QUIPMENT O LTD 








Pee at a) 


a8 


use of 





Testing 
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every 
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THE UNSOLVED MYSTERY 


Water divining ....a mystery and a 
magic, but a magic with proved powers. 
Artesian wells have been sunk, parched 
lands irrigated, cities constructed, 
because the life-giving properties of 
water have been discovered by water 
divining. 


.... But there are times when water 
is harmful, particularly to the users of 
compressed air. The VICTOR ARIDIFIER 
removes all water from compressed 
air pipes, thereby preventing freezing, 
corrosion and dilution. 


VICTOR PRODUCTS 


WALLSEND -ON- 
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The services of our technical 
staff are at your {disposal in 
arranging a suitable Aridifier 
layout. 


An equipment can be supplied 
on free trial. 


qwattstNv) LTD. 


PY NE *victen‘wattser 








This 
machine has been produced 
to meet the need for high- 


compact and efficient 


speed continuous hobbing of 
spur gears and pinions in 
precision work. The machin- 
ing cycle is entirely auto- 
matic, work being fed to the 
spindle from a magazine. 
The cycle consists of loading 
and clamping the work; rapid 
approach of work to the hob; 
feed; quick return; ejection 


The 


operator is required only to 


of work and repeat. 


keep the magazine filled, and 
one operator can work several 
machines. Alternatively, the 
machine may be hand-loaded 
and operated as a single cycle 
unit. Work up to 1 in. dia. by 
4 in. face is handled with ease 
in any machineable material. 


For details write to: 
BARBER & COLMAN LTD 


MARSLAND RD., BROOKLANDS 
MANCHESTER 


Telephone - - - SALE 2277 (3 lines) 
Telegrams - - - - BARCOL, SALE 
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“N22 Moffers an 
ally wide range 












ee 


Write for Bulletin M.180596 or 
hetter still, come and see the New 
Cincinnati No. 2 M.I, Milling Machine 
at our works. 








Speed up with (ATARI 


CINCINNATI MILLING MACHINES LIMITED, TYBURN, BIRMINGHAM. 


Sales Representatives for the British Isles: 
CHARLES CHURCHILL & CO. LIMITED, COVENTRY ROAD. SOUTH YARDLEY, BIRMINGHAM, 25. 
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For Gauges, Taps and 
all Precision Tools. 
Ensures maximum 

degree of accuracy 
after hardening. 











@ AIR CIRCULATION FURNACES 


plus or minus one degree C. in all parts. 


@®DRYING TUNNELS 
10ft. to 500 ft. long. 


@ TOOL ROOM HARDENING 
FURNACES 


@cCASE HARDENING 
@ INDUSTRIAL INSTRUMENTS 
@ CONVEYORS ... . Sensible Delivery 


PRODUCTION EQUIPMENT 


SUPPLY COMPANY 
QUAINTON. AYLESBURY 


Phone : Quainton 40 
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SLIDEWAY 
COVERS 


GIVE COMPLETE 


PROTECTION — ~ 


From Dust, Water, Oil, Suds 
and Paraffin. 


STN em, nga, 


The tool grinder shown has its 
slideways and elevating screw 
protected against abrasive by 
extending fabric covers, greatly 
prolonging the life of these at 
very small cost. In addition to 





abrasive, these covers are imper- 
vious to Water, Suds, Oil or 
Paraffin, and can be used to 
cover almost all moving parts. 
Parkers are fitting covers to all 
types of plant, recent fitments 
being Plastic Hydraulic Presses, 
Planing Machine Ways, Press 
columns, lead Screws, mixing 
machine shafts, slideway Grinders 
and Plano Milling Machines. 


Let us have your problems, our advice 
is yours on request. 
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SCRUTACT gt ae 


H-R:C 
_.FUSEGEAR 










This exclusive Donovan design has 
iteelf on many of the mos’ 


it 

important power and lighting cir- 
cuite in this country and abroad. 
Great strength coupled 

to long life and dura. 


bulity under the most THE DONOVAN ELECTRICAL C9.L™® BIRMINGHAM, 9 
@ meting conditions. ELECTRICAL ENGINEERS ANO STOCKHOLDERS. 


Puone-STEcHrornd 2277 (PB.X.) Geaws-DONOVAN, BiamincHamM 













































MAKING A MARK 


78 Quarto Paces. 68 Pirates. IttustRATIONS AND Dtacrams. C1iotH Bounp. 


I" this volume, a century of study is epitomised — a digest of 
the fascinating business of marking. 

The day to day things of life—spoons, cigarette lighters, jewellery, 
machine tool parts, micrometers — they are all marked: but how? 
How will you set about your marking problem? These points backed by 
a comprehensive schedule of the types of marking devices produced by 
the Pryor Factories are contained in this unique technical publication. 
We shall be pleased to mail a personally inscribed copy of “Making 
a Mark”’ to you. 


PRICE 5/- POST FREE 


PRYOR 


MARKING DEVICES 
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ADMIRALTY GUN METALS - COPPER- BRONZE 
SPELTER LEAD - ZINC YELLOW METALS 


Placing an order for non-ferrous metals with 
WARDS does more than make certain the supply 
of dependable material. It also brings to your 
service the full resources and experience of a 
large industrial organisation thoroughly familiar 
with every problem of materials and equipment 
for metal industries. 

In so far as non-ferrous metals are concerned 
the Ward group of interests cover: 

Heat Treatment Furnaces, Salt Baths, Tinning 
Baths, Tilting Furnaces, Crucible Furnaces, Sand 
Mixers, Sand and Scrap Recovery Screens, 
Mould Driers, Vibratory Screens, Sand Riddles, 
Moulding Machines, Mansfield Sand, Special 
Sands, and all Foundry Raw Materials and 
Requisites. 


THOS W.WARD LTD 


ALBION WORKS - SHEFFIELD - 1 


TELEPHONE 2631! (15 LINES) ‘* TELEGRAMS “FORWARD* SHEFFIELD. 
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/ts possible to turn a hair ona 


PULTRA MICRO-LATHE 


The ability to perform 
such a delicate opera- 
tion is evidence of the 
efficiency and versatility 
of Pultra Lathes and 
their equipment. 


They are ideal for all 
small work calling for 
maximum accuracy. 


Write for Catalogue CA4. 


bh 


PULTRA LTD. 24. GRAVEL LANE. SALFORD 3.MANCHESTER 
Phone. BLA. 9/8/. 


ESS'SIESN 


BRITISH MADE 


UNIVERSAL JOINTS 


ADMIRALTY, 
WAR OFFICE AND 
R M'INISTRY LU! 


Price list on 


application 
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BOILER PLANT INSTALLED BY 


MATTHEW HALL 


& CO. LTD. 


ESTD. 1848 


MATTHEW HALL 


AIR CONDITIONING - DUST EXTRACTION 
HEATING - BOILER PLANT - OIL FIRING 
FLUORESCENT LIGHTING - INFRA RED DRYING OVENS 


26-28 DORSET SQUARE, LONDON, N.W.! 
Paddington 3488 (20 lines ) 


GLASGOW - MANCHESTER - LIVERPOOL - BELFAST - BRISTOL - NEWCASTLE - CARDIFF - COVENTRY - DUBLIN 


Lix 
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WORKSHOP 
J EQUIPMENT 


STATIONARY HAMMERS 
COMPRESSORS Weights from 73 lbs. 
Displacements from to 13% lbs. 
80 cubic ft./min. to 
638 cubic ft./min RIVETERS 
Weights from 123 Ibs. 
to 222 Ibs. 
ROTOMOTORS 
Vane type air motors ROTODRILLS 
fron. 1) b.h.p. Capacities to 1} ins. 





AIRWINCHES ROTOGRINDS 
Lifting capacities From free speeds of 
from 1400 Ibs. at 100 17,000 r.p.m. to 5300 
ft./min. to 3000 Ibs. r.p.m. with stand- 
at 1C0 ft./ min. ard wheels. 


Seen in action 


Top: O/5 Rotodrill drilling motor 
van panel. 


Bottom : Riveting with 
BC.00 Hammer. 





Reliability 
that is a 
izle lliteya 
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